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(57) Abstract 

Enzymatic RNA molecules which cleave iCAM-l mRNA, IL-5 mRNA, ret A mRNA, TNF-a mRNA. RSV mRNA o. 
RSV genomic RNA, or CML associated mRNA, and use of these molecules for the treatment of pathological conditions 
related to those mRNA-levets; ribonucleotides or nucleotides modified in 2\ 3' or 5*, methods for their synthesis, 
purification and deprotection; vectors containing multiple enzymatic nucleic acids, optionally in chimeric form with 
tRNAs; method for introducing enzymatic nucleic acids into cells by forming a complex with a second nucleic acid, where 
the complex is capable of taking an R-loop base-paired structure; method for altering a mutant nucleic acid in vtvo by 
hybridization with an oligonucleotide capable of activating dsRNA deaminase, comprising an enzymatic activity or a 
chemical mutagen. Further are disclosed trans-cleaving or -li gating hairpin ribozymes lacking a substrate RNA moiety, as 
well as hammerhead ribozymes having an interconnecting loop between base pairs in stem II. 
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1 

METHOD AND REAGENT FOR INHIBITING THE EXPRESSION 
OF DISEASE RELATED GENES 

Background of tha lnvAnfi ff n 

This invention relates to reagents useful as inhibitors of gene 
expression relating to diseases such as inflammatory or autoimmune 
disorders, chronic myelogenous leukemia, or respiratory tract illness. 

5 Summary of the Inventing 

The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting the expression of disease related 
genes, ICAM-1, IL-5, relA, TNF-ot, p210 bcr-abl ( and respiratory 
syncytial virus genes. Such ribozymes can be used in a method for 
1 0 treatment of diseases caused by the expression of these genes in man and 
other animals, including other primates. 

Ribozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide 
base sequence specific manner. Such enzymatic RNA molecules can be 
1 5 targeted to virtually any RNA transcript, and efficient cleavage has been 
achieved in vitro. Kim et al., 84 Proc. Natl. Ac ad. Sci. USA 8788, 1987; 
Haseloff and Geriach, 334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; 
and Jefferies et al., 17 Nucleic A cids Research 1371, 1989. 

Six basic varieties of naturally-occurring enzymatic RNAs are known 
20 presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds 
in trans (and thus can cleave other RNA molecules) under physiological 
conditions. Table 1 summarizes some of the characteristics of these 
ribozymes. 

Ribozymes act by first binding to a target RNA. Such binding occurs 
25 through the target RNA binding portion of a ribozyme which is held in close 
proximity to an enzymatic portion of the RNA which acts to cleave the target 
RNA. Thus, the ribozyme first recognizes and then binds a target RNA 
through complementary base-pairing, and once bound to the correct site, 
acts-enzymatically to cut the target =RNA. Strategic cleavage of such a 
30 target RNA will destroy its ability to direct synthesis of an encoded protein. 
After a ribozyme has bound and cleaved its RNA target it is released from 
that RNA to search for another target and can repeatedly bind and cleave 
new targets. 
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The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid 
molecule simply binds to a nucleic acid target to block its translation) since 
the effective concentration of ribozyme necessary to effect a therapeutic 
5 treatment is lower than that of an antisense oligonucleotide. The 
advantage reflects the ability of the ribozyme to act enzymatically. Thus, a 
single ribozyme molecule is able to cleave many molecules of target RNA. 
In addition, the ribozyme is a highly specific inhibitor, with the specificity of 
inhibition depending not only on the base pairing mechanism of binding, 

10 but also on the mechanism by which the molecule inhibits the expression 
of the RNA to which it binds. That is, the inhibition is caused by cleavage of 
the RNA target and so specificity is defined as the ration of the rate of 
cleavage of the targeted RNA over the rate of cleavage of non-targeted 
RNA. This cleavage mechanism is dependent upon factors additional to 

15 those involved in base pairing. Thus, it is thought that the specificity of 
action of a ribozyme is greater than that of antisense oligonucleotide 
binding the same RNA site. With their catalytic activity and increased site 
specificity, ribozymes represent more potent and safe therapeutic 
molecules than antisense oligonucleotides. 

20 Thus, in a first aspect, this invention relates to ribozymes, or enzymatic 

RNA molecules, directed to cleave RNA species encoding ICAM-1, IL-5, 
relA, TNF-a, p210bcr-abl ( or RSV proteins. In particular, applicant 
describes the selection and function of ribozymes capable of cleaving 
these RNAs and their use to reduce levels of ICAM-1, IL-5, relA, TNF-a, 

25 p210 bor-abl or RSV proteins in various tissues to treat the diseases 
discussed herein. Such ribozymes are also useful for diagnostic uses. 

Applicant indicates that these ribozymes are able to inhibit expression 
of ICAM-1, IL-5. rel A, TNF-a, p210bcr-abl, or RSV genes and tnat thQ 
catalytic activity of the ribozymes is required for their inhibitory effect. 
30 Those of ordinary skill in the art, will find that it is clear from the examples 
described that other ribozymes that cleave target ICAM-1, IL-5, rel A, TNF- 
cc, P 210bcr-abl f or RSV encoding mRNAs may be readily designed and are 
within the invention. 

These chemically or enzymatically synthesized RNA molecules 
35 contain substrate binding domains that bind to accessible regions of their 
target mRNAs. The RNA molecules also contain domains that catalyze the 
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cleavage of RNA. Upon binding, the ribozymes cl ave the target encoding 
mRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be observed. 

By "gene" is meant to refer to either the protein coding regions of the 
5 cognate mRNA, or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the proviral genome. 

By "enzymatic RNA molecule" it is meant an RNA molecule which has 
1 0 complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target. That is. the enzymatic RNA molecule is able to 
intermolecularly cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
1 5 enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention. By "equivalent" RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals, 
20 including humans, cats, simians, and other primates. These viral or viral- 
encoded RNAs have similar structures and equivalent genes to each other. 

By "complementarity" it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for examplke. Hoogsteen type) of base- 
25 paired interactions. 

In preferred embodiments of this invention, the enzymatic nucleic 
acid molecule is formed in a hammerhead or hairpin motif, but may also be 
formed in the motif of a hepatitis delta virus, group I intron or RNaseP RNA 
(in associateion with an RNA guide sequence) or Neurospora VS RNA. 

30 Examples of such hammerhead motifs are described by Rossi et al., 1992. 
Aids Research and Human Retroviruses 8,183, of hairpin motifs by 
Hampel and Tritz, 1989 Biochemistry. 28, 4929, EP 0360257 and Hampel 
et al., 1990, Nucleic Acids flftfr 18,299 and an example of the hepatitis 
delta virus motif is described by Perotta and Been, 1992 Biochemistry 31 

35 16 of the RNaseP motif by Guerrier-Takada et al., 1983 Cell . 35 849, 
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Neurospora VS RNA ribozyme motif is described by Collins (S ville and 
Collins, 1990 £fiff 61, 685-696; Saville and Collins, 1991 Proc. Natl Acari 
SCI-, USA 88, 8826-8830; Collins and Olive, 1993 Biochemistry 39 2795. 
2799 Guo and Collins, 1995 EMBOJ., 14, 368) and of the Group I intron by 
5 Cech et al., U.S. Patent 4,987,071. These specific motifs are not limiting in 
the invention and those skilled in the art will recognize that all that is 
important in an enzymatic nucleic acid molecule of this invention is that it 
has a specific substrate binding site which is complementary to one or 
more of the target gene RNA regions, and that it has nucleotide sequences 
1 0 within or surrounding that substrate binding site which impart an RNA 
cleaving activity to the molecule. 

The invention provides a method for producing a class of enzymatic 
cleaving agents which exhibit a high degree of specificity for the RNA of a 
desired target. The enzymatic nucleic acid molecule is preferably targeted 

15 to a highly conserved sequence region of a target ( i.e., I CAM-1 , IL-5, reLA, 
TNF-a, p210 bcr-abl or rsv proteins! encoding mRNA such that specific 
treatment of a disease or condition can be provided with either one or 
several enzymatic nucleic acids. Such enzymatic nucleic acid molecules 
can be delivered exogenously to specific cells as required., Alternatively, 

20 the ribozymes can be expressed from vectors that are delivered to specific 
cells. By "vectors' is meant any nucleic acid and/or viral-based technique 
used to deliver a desired nucleic acid. 

Synthesis of nucleic acids greater than 100 nucleotides in length is 
difficult using automated methods, and the therapeutic cost of such 

25 molecules is prohibitive. In this invention small enzymatic nucleic acid 
motifs (e.g., of the hammerhead or the hairpin structure) are used for 
exogenous delivery. The simple structure of these molecules increases the 
ability of the enzymatic nucleic acid to invade targeted regions of the mRNA 
structrure. However, these catalytic RNA molecules can also be expressed 

30 within cells from eukaryotic promoters (e.g. Scanion, K.J. et al., 1991 , Proc. 
Natl, ^catf, gc/„ U$A, 88, 10591-5; Kashani-Sabet, M., et al.j 992, 
Antisense ffeg, Qey„ 2, 3-15; Dropoulic, B., et al., 1992, J. Virol. 66, 1432- 
41; Weerasinghe, M., et al., 191, J. Virol. 65, 5531-4; Ojwang, J.O., et al., 
1992, Proc. Natl. Acad. Sci.. USA flQ 10802-6; Chen C.J., et al., 1992, 

35 Nucleic Acids R s., 20, 4581-9; Sarver, H., et al., 1990 Science . 247, 1222- 
1225). Those skilled in the art would realize that any ribozyme can be 
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expressed in eukaryotic cells from the appropriate DNA or RNA vector. The 
activity of such ribozymes can be augmented by their release from tl,e 
primary transcript by a second ribozyme (Draper et al., PCT W093/23569, 
and Sullivan et al., PCT WO94/02595, both hereby incorporated in their 
5 totality by reference herein; Ohkawa, J., et al.. 1992, Nucleic Acids <?i/mp 
SSL27, 15-6; Taira, K. et al., Nucleic Acids Ran 19, 5125-30; Ventura, M., 
et al., 1993, Nucleic Acids Res.. 21, 3249-55, Chowrira et al., 1994 J. Biol. 
QhsnL.269, 25856). 

By "inhibit" is meant that the activity or level of ICAM-1,Rel A, IL-5, 
10 TNF-cc, P 210bcr-abl or rsv encoding mRNA is reduced below that 
observed in the absense of the ribozyme, and preferably is below that level 
observed in the presence of an inactive RNA molecule able to bind to the 
same site on the mRNA, but unable to cleave that RNA. 

Such ribozymes are useful for the prevention of the diseases and 
1 5 conditions discussed above, and any other diseases or conditions that are 
related to the level of ICAM-1, IL-5, Rel A, TNF-ct, p210bc-abl or rsv 
protein or activity in a cell or tissue. By "related" is meant that.the inhibition 
of ICAM-1 , IL-5, Rel A, TNF-a, P 210bcr-abl or RSV mRNA translation, and 
thus reduction in the level of, ICAM-1, IL-5, Rel A, TNF-a, p210 bcr - abl or 
20 RSV proteins will relieve to some extent the symptoms of the disease or 
condition. 

Ribozymes are added directly, or can be complexed with cationic 
lipids, packaged within liposomes, or otherwise delivered to target cells. 
The RNA or RNA complexes can be locally administered to relevant tissues 
25 through the use of a catheter, infusion pump or stent, with or without their 
incorporation in biopoiymers. In preferred embodiments, the ribozymes 
have binding arms which are complementary to the sequences in Tables 
2,3,6-9, 11,13, 15-23, 27, 28, 31, 33, 34, 36 and 37. 

Examples of such ribozymes are shown in Tables 4-8, 10, 12, 14-16, 
30 19-22, 24, 26-28, 30, 32, 34 and 36-38. Examples of such ribozymes 
consist essentially of sequences defined in these Tables. ~ By "consists 
essentially of is meant that the active ribozyme contains an enzymatic 
center equivalent to those in the examples, and binding arms able to bind 
mRNA such that cleavage at the target site occurs. Other sequences may 
35 be present which do not interfere with such cleavage. 
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Those in the art will recognize that these sequences are 
representative only of many more such sequences where the enzymatic 
portion of the ribozyme (all but the binding arms) is altered to affect activity. 
For example, stem-loop II sequence of hammerhead ribozymes listed in 
5 the above identified Tables can be altered (substitution, deletion, and/or 
insertion) to contain any sequences provided a minimum of two base- 
paired stem structure can form. Similarly, stem-loop IV sequence of hairpin 
ribozymes listed in the above identified Tables can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
10 two base-paired stem structure can form. The sequence listed in the 
above identified Tables may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

In another aspect of the invention, ribozymes that cleave target 

15 molecules and inhibit ICAM-1, IL-5, Rel A, TNF-a, p210 bcr -abl or RSV 
gene expression are expressed from transcription units inserted into DNA, 
RNA, or viral vectors. Another means of accumulating high concentrations 
of a ribozyme(s) within cells is to incorporate the ribozyme-encoding 
sequences into a DNA or RNA expression vector. Transcription of the 

20 ribozyme sequences are driven from a promoter for eukaryotic RNA 
polymerase I (pol I), RNA polymerase II (pol II), or RNA polymerase III (poi 
III). Transcripts from pol II or pol III promoters will be expressed at high 
levels in all cells; the levels of a given pol II promoter in a given cell type 
will depend on the nature of the gene regulatory sequences (enhancers, 

25 silencers, etc.) present nearby. Prokaryotic RNA polymerase promoters are 
also used, providing that the prokaryotic RNA polymerase enzyme is 
expressed in the appropriate cells (Elroy-Stein and Moss, 1990 Proc. Natl. 
Acad. ScL USA, 87, 6743-7; Gao and Huang 1993 Nucleic Acids Res., 21 
2867-72; Lieber et al M 1993 Methods Enzymol., 217, 47-66; Zhou et al., 

30 1990 Mol. Cell. Biol., 10, 4529-37). Several investigators have 
demonstrated that ribozymes expressed from such promoters can function 
in mammalian cells (e.g. Kashani-Sabet et al., 1992 Antisense Res. Dev., 
2, 3-15; Ojwang et al., 1992 Proc. Natl. Acad. ScL USA, 90, 6340-4; 
UHuiller et ai. t 1992 EMBO J. 11, 4411-8; Lisziewicz et al., 1993 Proc. Natl. 

35 Acad. ScL USA., 90 8000-4). The above ribozyme transcription units can 
be incorporated into a variety of vectors for introduction into mammalian 
cells, including but not restricted to, plasmid DNA vectors, viral DNA vectors 
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(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral or alphavirus vectors). 

Other features and advantages of the invention will be apparent from 
the following description of the preferred embodiments thereof, and from 
5 the claims. 

Description Of The Preferre d Embodimfln^ 
The drawings will first briefly be described. 

Drawings: 

Figure 1 is a diagrammatic representation of the hammerhead 
1 0 ribozyme domain known in the art. Stem II can be > 2 base-pair long. 

Figure 2(a) is a diagrammatic representation of the hammerhead 
ribozyme domain known in the art; Figure 2(b) is a diagrammatic 
representation of the hammerhead ribozyme as divided by Uhlenbeck 
(1987, Nature, 327, 596-600) into a substrate and enzyme portion; Figure 
1 5 2(c) is a similar diagram showing the hammerhead divided by Haseloff and 
Gerlach (1988, Nature, 334, 585-591) into two portions; and Figure 2(d) is 
a similar diagram showing the hammerhead divided by Jeffries and 
Symons (1989. Nucl. Acids. Res., 17, 1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general' structure of a 
20 hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs (i.e., n 
is 1 ,2,3 or 4) and helix 5 can be optionally provided of length 2 or more 
bases (preferably 3-20 bases, i.e., m is from 1-20 or more). Helix 2 and 
helix 5 may be covalently linked by one or more bases (i.e., r is £ 1 base). 
Helix 1, 4 or 5 may also be extended by 2 or more base pairs (e.g., 4-20 
25 base pairs) to stabilize the ribozyme structure, and preferably is a protein 
binding site. In each instance, each N and N' independently is any normal 
or modified base and each dash represents a potential base-pairing 
interaction. These nucleotides may be modified at the sugar, base or 
phosphate. Complete base-pairing is not required in the helices, but is 
30 preferred. Helix 1 and 4 can be of any size (I.e., o and p is each 
independently from 0 to any number, e.g. 20) as long as some base-pairing 
is maintained. Essential bases are shown as specific bases in the 
structure, but those in the art will recognize that one or more may be 
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modified chemically (abasic, base, sugar and/or phosphate modifications) 
or replaced with another base without significant effect. Helix 4 can be 
formed from two separate molecules, i.e., without a connecting loop. The 
connecting loop when present may be a ribonucleotide with or without 
5 modifications to its base, sugar or phosphate, *q" is £ 2 bases. The 
connecting loop can also be replaced with a non-nucieotide linker 
molecule. H refers to bases A, U, or C. Y refers to pyrimidine bases. 
• " refers to a covalent bond. 

Figure 4 is a representation of the general structure of the hepatitis 
1 0 delta virus ribozyme domain known in the art. 

Figure 5 is a representation of the general structure of the self- 
cleaving VS RNA ribozyme domain. 

Figure 6 is a diagrammatic representation of the genetic map of RSV 
strain A2. 

1 5 Figure 7 is a diagrammatic representation of the solid-phase 

synthesis of RNA. 

Figure 8 is a diagrammatic representation of exocyclic amino 
protecting groups for nucleic acid synthesis. 

Figure 9 is a diagrammatic representation of the deprotection of RNA. 

20 Figure 10 is a graphical representation of the cleavage of an RNA 

substrate by ribozymes synthesized, deprotected and purified using the 
improved methods described herein. 

Figure 1 1 is a schematic representation of a two pot deprotection 
protocol. Base deprotection is carried out with aqueous methyl amine at 65 
25 °C for 10 min. The sample is dried in a speed-vac for 2-24 hours 
depending on the scale of RNA synthesis. Silyl protecting group at the 2'- 
hydroxyl position is removed by treating the sample with 1.4 M anhydrous 
HF at65°Cfor1.5 hours. 

Figure 12 is a schematic representation of a one pot deprotection of 
30 RNA synthesized using RNA phosphoramidite chemistry. Anhydrous 
methyl amine is used to deprotect bases at 65°C for 15 min. The sample is 
allowed to cool for 10 min before adding TEA»3HF reagent, to the same 
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pot, to remove protecting groups at the 2'-hydroxyl position. The 
deprotection is carried out for 1 .5 hours. 

Figs. 13a - b is a HPLC profile of a 36 nt long ribozyme, targeted to 
site B. The RNA is deprotected using either the two pot or the one pot 
5 deprotection protocol. The peaks corresponding to full-length RNA is 
indicated. The sequence for site B is CCUGGGCCAGGGAUUA 
AUGGAGAUGCCCACU. 

Figure 14 is a graph comparing RNA cleavage activity of ribozymes 
deprotected by two pot vs one pot deprotection protocols. 

10 Figure 15 is a schematic representation of an improved method of 

synthesizing RNA containing phosphorothioate linkages. 

Figure 16 shows RNA cleavage reaction catalyzed by ribozymes 
containing phosphorothioate linkages. Hammerhead ribozyme targeted to 
site C is synthesized such that 4 nts at the 5* end contain phosphorothioate 
1 5 linkages. P=0 refers to ribozyme without phosphorothioate linkages. P=S 
refers to ribozyme with phosphorothioate linkages. The sequence for site C ' 
is UCAUUUUGGCCAUCUC UUCCUUCAGGCGUGG. 

Figure 17 is a schematic representation of synthesis of 2'-N- 
phtalimido-nucleoside phosphoramidite. 

20 Figure 18 is a diagrammatic representation of a prior art method for 

the solid-phase synthesis of RNA using silyl ethers, and the method of this 
invention using SEM as a 2'-protecting group. 

Figure 19 is a diagrammatic representation of the synthesis of 2'- 
SEM-protected nucleosides and phosphoramidites useful for the synthesis 
25 of RNA. B is any nucleotide base as exemplified in the Figure, P is purine 
and I is inosine. Standard abbreviations are used throughout this 
application, well known to those in the art. 

Figure 20 is a diagrammatic representation of a prior art method for 
deprotection of RNA using TBDMS protection of the 2'-hydroxyl group. 

30 Figure 21 is a diagrammatic representation of the deprotection of RNA 

having SEM protection of the 2'-hydroxyl group. 
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Figure 22 is a representation of an HPLC chromatogram of a fully 
deprotected 10-mer of uridylic acid. 

Figs. 23 - 25 are diagrammatic representations of hammerhead, 
hairpin or hepatitis delta virus ribozyme containing self-processing RNA 
5 transcript. Solid arrows indicate self-processing sites. Boxes indicate the 
sites of nucleotide substitution. Solid lines are drawn to show the binding 
sites of primers used in a primer-extension assay. Lower case letters 
indicate vector sequence present in the RNA when transcribed from a 
H/ndlll-linearized plasmid. (23) HH Cassette, transcript containing the 

1 0 hammerhead trans-acting ribozyme linked to a 3' cis-acting hammerhead 
ribozyme. The structure of the hammerhead ribozyme is based on 
phylogenetic and mutational analysis (reviewed by Symons, 1992 supral . 
The trans ribozyme domain extends from nucleotide 1 through 49. After 3'- 
end processing, the trans-ribozyme contains 2 non-ribozyme nucleotides 

15 (UC at positions 50 and 51) at its 3' end. The 3' processing ribozyme is 
comprised of nucleotides 44 through 96. Roman numerals I, II and III, 
indicate the three helices that contribute to the structure of the 3' cis-acting 
hammerhead ribozyme (Hertel et al., 1992 Nucleic Acids g^ , 20, 3252). 
Substitution of G70 and A71 to U and G respectively, inactivates the 

20 hammerhead ribozyme (Ruffner et al., 1990 Biochemistry 29, 10695) and 
generates the HH(mutant) construct. (24) HP Cassette, transcript 
containing the hammerhead trans-acting ribozyme linked to a 3' cis-acting 
hairpin ribozyme. The structure of the hairpin ribozyme is based on 
phylogenetic and mutational analysis (Berzal-Herranz et al., 1993 EMBO. J 

25 12, 2567). The trans-ribozyme domain extends from nucleotide 1 through 
49. After 3'-end processing, the trans-ribozyme contains 5 non-ribozyme 
nucleotides (UGGCA at positions 50 to 54) at its 3' end. The 3' cis-acting 
ribozyme is comprised of nucleotides 50 through 115. The transcript 
named HP(GU) was constructed with a potential wobble base pair 

30 between G52 and U77; HP(GC) has a Watson-Crick base pair between 
G52 and C77. A shortened helix 1 (5 base pairs) and a stable tetraloop 
(GAAA) at the end of helix 1 was used to connect the substrate with the 
catalytic domain of the hairpin ribozyme (Feldstein & Bruening, 1993 
Nucleic Acids Ras. 21, 1991; Altschuler et al., 1992 supra) . (25) HDV 

35 Cassette, transcript containing the trans-acting hammerhead ribozyme 
linked to a 3" cis-acting hepatitis delta virus (HDV) ribozyme. The 
secondary structure of the HDV ribozyme is as proposed by Been and 
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coworkers (Been et al., 1992 Biochemistry 31, 1 1843). The trans-ribozyme 
domain ext nds from nucleotides 1 through 48. After 3'-end processing, 
the trans-ribozyme contains 2 non-ribozyme nucleotides (AA at positions 
49 to 50) at its 3' end. The 3' cis-acting HDV ribozyme is comprised of 
5 nucleotides 50 through 114. Roman numerals I, II, III & iv, indicate the 
location of four helices within the 3' cis-acting HDV ribozyme (Perrota & 
Been, 1991 Maima 350, 434). The AHDV transcript contains a 31 
nucleotide deletion in the HDV portion of the transcript (nucleotides 84 
through 115 deleted). 

10 Fig. 26 is a schematic representation of a plasmid containing the 

insert encoding self-processing cassette. The figure is not drawn to scale. 

Fig. 27 demonstrates the effect of 3' flanking sequences on RNA self- 
processing in vitro. H, Plasmid templates linearized with H/'ndlll restriction 
enzyme. Transcripts from H templates contain four non-ribozyme 
15 nucleotides at the 3' end. N, Plasmid templates linearized with Nde\ 
restriction enzyme. Transcripts from N templates contain 220 non- 
ribozyme nucleotides at the 3' end. R, Plasmid templates linearized with 
flcal restriction enzyme. Transcripts from R templates contain 450 non- 
ribozyme nucleotides at the 3* end. 

20 Fig. 28 shows the effect of 3' flanking sequences on the trans- 

cleavage reaction catalyzed by a hammerhead ribozyme. A 622 nt 
internally-labeled RNA (<10 nM) was incubated with ribozyme (1000 nM) 
under single turn-over conditions (Herschlag and Cech, 1990 Biochemistry 
29, 10159). HH+2, HH+37, and HH+52 are trans-acting ribozymes 

25 produced by transcription from the HH, AHDV, and HH(mutant) constructs, 
respectively, and that contain 2, 37 and 52 extra nucleotides on the 3' end. 
The plot of the fraction of uncleaved substrate versus time was fit to a 
double exponential curve using the KaleidaGraph graphing program 
(Synergy Software, Reading, PA). A double exponential curve fit was used 

30 because the data points did not fall on a single exponential curve, 
presumably due to varying conformers of ribozyme and/or substrate RNA. 

Fig. 29 shows RNA self-processing in OST7-1 cells. In vitro lanes 
contain full-length, unprocessed transcripts that were added to cellular 
lysates prior to RNA extraction. These RNAs were either pre-incubated 
35 with MgCl2 (+) or with DEPC-treated water (-) prior to being hybridized 
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with 5' end-labeled primers. Cellular lanes contain total cellular RNA from 
cells transfected with one of the four self-processing constructs. Cellular 
RNA are probed for ribozyme expression using a sequ nee specific primer- 
extension assay. Solid arrows indicate the location of primer extension 
5 bands corresponding to Full-Length RNA and 3' Cleavage Products. 

Figs. 30,31 are diagrammatic representations of self-processing 
cassettes that will release trans-acting ribozymes with defined, stable stem- 
loop structures at the 5* and the 3' end following self-processing. 30, 
shows various permutations of a hammerhead self-processing cassette. 31, 
10 shows various permutations of a hairpin self-processing cassette. 

Figs. 32a-b Schematic representation of RNA polymerse III promoter 
structure. Arrow indicates the transcription start site and the direction of 
coding region. A, B and C t refer to consensus A, B and C box promoter 
sequences. I, refers to intermediate cis-acting promoter sequence. PSE, 
15 refers to proximal sequence element. DSE, refers to distal sequence 
element. ATF, refers to activating transcription factor binding element. ?, 
refers to cis-acting sequence element that has not been fully characterized. 
EBER, Epstein-Barr-virus-encoded-RNA. TATA is a box well known in the 
art. v 

20 Figs. 33a-e Sequence of the primary tRNAj met and A3-5 transcripts. 

The A and B box are internal promoter regions necessary for pol III 
transcription. Arrows indicate the sites of endogenous tRNA processing. 
The A3-5 transcript is a truncated version of tRNA wherein the sequence 3' 
of B box has been deleted (Adeniyi-Jones et al. t 1984 supra). This 

25 modification renders the A 3-5 RNA resistant to endogenous tRNA 
processing. 

Figure 34. Schematic representation of RNA structural motifs inserted 
into the A3-5 RNA. A3-5/HHI- a hammerhead (HHI) ribozyme was cloned 
at the 3' region of A3-5 RNA; S3- a stable stem-loop structure was 

30 incorporated at the 3* end of the A3-5/HHI chimera; S5- stable stem-loop 
structures were incorporated at the 5* and the 3' ends of A3-5/HHI ribozyme 
chimera; S35- sequence at the 3* end of the A3-5/HHI ribozyme chimera 
was altered to enable duplex formation between the 5 f end and a 
complementary 3' r gion of th same RNA; S35Plus- in addition to 

35 structural alterations of S35, sequences were altered to facilitate additional 
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duplex formation within the non-ribozyme sequence of the A3-5/HHI 
chimera. 

Figures 35 and 36. Northern analysis to quantitate ribozyme 
expression in T cell lines transduced with A3-5 vectors. 35) A3-5/HHI and 
5 its variants were cloned individually into the DC retroviral vector (Sullenger 
et al., 1990 supra). Northern analysis of ribozyme chimeras expressed in 
MT-2 cells was performed. Total RNA was isolated from cells 
(Chomczynski & Sacchi, 1987 Analytical Biochemistry 162, 156-159), and 
transduced with various constructs described in Fig. 34. Northern analysis 

10 was carried out using standard protocols (Curr. Protocols Mo I. Biol. 1992, 
ed. Ausubel et al., Wiley & Sons, NY). Nomenclature is same as in Figure 
34. This assay measures the level of expression from the type 2 pol III 
promoter. 36) Expression of S35 constructs in MT2 cells. S35 (+ribozyme), 
S35 construct containing HHI ribozyme. S35 (-ribozyme), S35 construct 

1 5 containing no ribozyme. 

Figure 37. Ribozyme activity in total RNA extracted from transduced 
MT-2 cells. Total RNA was isolated from cells transduced with A3 -5 
constructs described in Figs. 35 and 36 In a standard ribozyme cleavage 
reaction, 5 \ig total RNA and trace amounts of 5' terminus-labeled ribozyme 

20 target RNA were denatured separately by heating to 90°C for 2 min in the 
presence of 50 mM Tris-HCI, pH 7.5 and 10 mM MgCI 2 . RNAs were 
renatured by cooling the reaction mixture to 37°C for 10-15 min. Cleavage 
reaction was initiated by mixing the labeled substrate RNA and total 
cellular RNA at 37°C. The reaction was allowed to proceed for - 18h, 

25 following which the samples were resolved on a 20 % urea-polyacrylamide 
gel. Bands were visualized by autoradiography. 

Figures 38 and 39. Ribozyme expression and activity levels in S35- 
transduced clonal CEM cell lines. 38) Northern analysis of S35- 
transduced clonal CEM cell lines. Standard curve was generated by 

30 spiking known concentrations of in vitro transcribed S5 RNA into total 
cellular RNA isolated from non-transduced CEM cells. Pool, contains RNA 
from pooled cells transduced with S35 construct. Pool (-G418 for 3 Mo), 
contains RNA from pooled cells that were initially selected for resistance to 
G418 and then grown in the absence of G418 for 3 months. Lanes A 

35 through N contain RNA from individual clones that were generated from the 
pooled cells transduced with S35 construct. tRNAjmet i re f ers t0 the 
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endogenous tRNA. S35, r fers to the position of the ribozyme band. M, 
marker lane. 39) Activity levels in S35-transduced clonal CEM cell lines. 
RNA isolation and cleavage reactions were as described in Fig.37; 
Nomenclature is same as in Figs. 35 and 36 except, S, 5* terminus-labeled 
5 substrate RNA. P, 8 nt 5' terminus-labeled ribozyme-mediated RNA 
cleavage product. 

Figures 40 and 41 are proposed secondary structures of S35 and 
S35 containing a desired RNA (HHI), respectively. The position of HHI 
ribozyme is indicated in figure 41. Intramolecular stem refers to the stem 
10 structure formed due to an intramolecular base-paired interaction between 
the 3' sequence and the complementary 5' terminus. The length of the 
stem ranges from 15-16 base-pairs. Location of the A and the B boxes are 
shown. 

Figures 42 and 43 are proposed secondary structures of S35 plus 
1 5 and S35 plus containing HHI ribozyme. 

Figures 44, 45, 46 and 47 are the nucleotide base sequences of S35, 
HHIS35, S35 Plus, and HHIS35 Plus respectively. 

Figs. 48a-b is a general formula for pol III RNA of this invention. 

Figure 49 is a digrammatic representation of 5T construct. In this 
20 construct the desired RNA is located 3* of the intramolecular stem. 

Figures 50 and 51 contain proposed secondary structures of 5T 
construct alone and 5T contruct containing a desired RNA (HHI ribozyme) 
respectively. 

Figure 52 is a diagrammatic representation of TRZ-tRNA chimeras. 
25 The site of desired RNA insertion is indicated. 

Figure 53 shows the general structure of HHITRZ-A ribozyme chimera. 
A hammerhead ribozyme targeted to site I is inserted into the stem II region 
of TRZ-tRNA chimera. 

Figure 54 shows the general structure of HPITR2-A ribozyme chimera. 
30 A hairpin ribozym targ ted to site I is cloned into th indicated region of 
TRZ-tRNA chim ra. 
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Figure 55 shows a comparison of RNA cleavage activity of HHITRZ-A, 
HHITR2-B and a chemically synthesized HHI hammerh ad ribozymes. 

Figure 56 shows expression of ribozymes in T cell lines that are stably 
transduced with viral vectors. M f markers; lane 1, non-transduced CEM 
5 cells; lanes 2 and 3, MT2 and CEM cells transduced with retroviral vectors; 
lanes 4 and 5, MT2 and CEM cells transduced with AAV vectors. 

Figs. 57a-b Schematic diagram of adeno-associated virus and 
adenovirues vectors for ribozyme delivery. Both vectors utilize one or more 
ribozyme encoding transcription units (RZ) based on RNA polymerase II or 

10 RNA polymerase III promoters. A. Diagram of an AAV-based vector 
containing minimal AAV sequences comprising the inverted terminal 
repeats (ITR) at each end of the vector genome, an optional selectable 
marker (Neo) driven by an exogenous promoter (Pro), a ribozyme 
transcription unit, and sufficient additional sequences (staffer) to maintain a 

15 vector length suitable for efficient packaging. B. Diagram of ribozyme 
expressing adenovirus vectors containing deletions of one or more wild 
type adenovirus coding regions (cross-hatched boxes marked as E1, pIX, 
E3, and E4), and insertion of the ribozyme transcription unit at any or 
several of those regions of deletions. 

20 Fig. 58 is a graph showing the effect of arm length variation on the 

activity of ligated hammerhead (HH) ribozymes. Nomenclature 5/5, 6/6, 
7/7, 8/8 and so on refers to the number of base-pairs being formed between 
the ribozyme and the target. For example, 5/8 means that the HH ribozyme 
forms 5 bp on the 5' side and 8 bp on the 3' side of the cleavage site for a 

25 total of 13 bp. -AG refers to the free energy of binding calculated for base- 
paired interactions between the ribozyme and the substrate RNA (Turner 
and Sugimoto, 1988 Ann. Rev. Biophvs. Chem. 17. 167). RPI A is a HH 
ribozyme with 6/6 binding arms. 

Figs. 59 and 60 and 61 show cleavage of long substrate (622 nt) by 
30 ligated HH ribozymes. 

Fig. 62 is a diagrammatic representation of a hammerhead ribozyme 
(HH-H) targeted against a site termed H. Variants of HH-H are also shown 
that contain either a 2 base-paired stem II (HH-H1 and HH-H2) or a 3 base- 
paired stem II (HH-H3 and HH-H4). 
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Figs. 63 and 64 show RNA cleavage activity of HH-I and its variants 
(see Fig.62). 63) cleavage of matched substrate RNA (15 nt). 64) cleavage 
of long substrate RNA (613 nt). 

Figs. 65a-b is a schematic representation of a method of this invention 
5 to synthesize a full length hairpin ribozyme. No splint strand is required for 
ligation but rather the two fragments hybridize together at helix 4 prior to 
ligation. The only prerequisite is that the 3' fragment is phosphorylated at 
its 5' end and that the 3' end of the 5' fragment have a hydroxyl group. The 
hairpin ribozyme is targeted against site J. H1 and H2 are intermolecular 
10 helices formed between the ribozyme and the substrate. H3 and H4 are 
intramolecular helices formed within the hairpin ribozyme motif. Arrow 
indicates the cleavage site. 

Fig. 66 shows RNA cleavage activity of ligated hairpin ribozymes 
targeted against site J. 

15 Figs. 67a-b is a diagrammatic representation of a Site K Hairpin 

Ribozyme (HP-K) showing the proposed secondary structure of the hairpin 
ribozyme •substrate complex as described in the art (Berzal-Herranz et a/., 
1993 EMBO. J.12, 2567). The ribozyme has been assembled from two 
fragments (bimolecular ribozyme; Chowrira and Burke, 1992 Nucleic Acids 

20 Res. 20, 2835); #H1 and H2 represent intermolecular helix formation 
between the ribozyme and the substrate. H3 and H4 represent 
intramolecular helix formation within the ribozyme (intermolecular helix in 
the case of bimolecular ribozyme). Left panel (HP-K1) indicates 4 base- 
paired helix 2 and the right panel (HP-K2) indicates 6 base-paired helix 2. 

25 Arrow indicates the site of RNA cleavage. All the ribozymes discussed 
herein were chemically synthesized by solid phase synthesis using RNA 
phosphoramadite chemistry, unless otherwise indicated. Those skilled in 
the art will recognize that these ribozymes could also be made 
transcriptionally in vitro and in vivo. 

30 Figure 68 is a graph showing RNA cleavage by hairpin ribozymes 

targeted to site K. A plot of fraction of the target RNA uncleaved (fraction 
uncleaved) as a function of time is shown. HP-K2 (6 bp helix 2) cleaves a 
422 target RNA to a greater extent than the HP-K1 (4 bp helix 2). 
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To make internally-labeled substrate RNA for trans-ribozyme 
cleavage reactions/ a 422 nt region (containing hairpin site A) was 
synthesized by PCR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
5 standard transcription buffer in the presence of [a-3 2 P]CTP (Chowrira & 
Burke, 1991 supra). The reaction mixture was treated with 15 units of 
ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 \i\ 
1 0 DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1nM) and internally labeled 422 nt substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM TrisHCI pH 7.5 and 10 mM MgCl2) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 
reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37° C. Aliquots of 5 \i\ were taken at regular time intervals, 
quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples, were resolved on 5% polyacrylamide, 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmager (Molecular Dynamics, Sunnyvale,. 
CA). 

Figs. 69a-b is the Site L Hairpin Ribozyme (HP-L) showing proposed 
secondary structure of the hairpin ribozyme*substrate complex. The 
ribozyme was assembled from two fragments as described above. The 
25 nomenclature is the same as above. 

Figure 70 shows RNA cleavage by hairpin ribozymes targeted to site 
L A. plot of fraction of the target RNA uncleaved (fraction uncleaved) as a 
function of time is shown. HP-L2 (6 bp helix 2) cleaves a 2 KB target RNA 
to a greater extent than the HP-L1 (4 bp helix 2). To make internally- 
30 labeled substrate RNA for frans-ribozyme cleavage reactions, a 2 kB region 
(containing hairpin site L) was synthesized by PCR using primers that place 
the 77 RNA promoter upstream of the amplified sequence. The cleavage 
reactions were carried out as described above. 
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Figs. 71a-b shows a Site M Hairpin Ribozyme (HP-M) with the 
proposed secondary structure of the hairpin ribozyme^substrate complex. 
The ribozyme was assembled from two fragments as described above. 

Figure 72 is a graph showing RNA cleavage by hairpin ribozymes 
5 targeted to site M. The ribozymes were tested at both 20°C and at 26°C. 
To make internally-labeled substrate RNA for trans-ribozyme cleavage 
reactions, a 1.9 KB region (containing hairpin site M) was synthesized by 
PCR using primers that place the T7 RNA promoter upstream of the 
amplified sequence. Cleavage reactions were carried out as described 
10 above except that 20°C and at 26°C temperatures were used. 

Figs. 73a-d shows various structural modifications of the present 
invention. A) Hairpin ribozyme lacking helix 5. Nomenclature is same as 
described under figure 3. B) Hairpin ribozyme lacking helix 4 and helix 5. 
Helix 4 is replaced by a nucleotide loop wherein q is > 2 bases. 

1 5 Nomenclature is same as described under figure 3. C) Hairpin ribozyme 
lacking helix 5. Helix 4 loop is replaced by a linker 103V, wherein L is a 
non-nucleotide linker molecule (Benseler et a/ M 1993 J. Am. Chem. Soc. 
115, 8483; Jennings et a/., WO 94/13688). Nomenclature is same as 
described under figure 3. D) Hairpin ribozyme lacking helix 4 and helix 5. 

20 Helix 4 is replaced by non-nucleotide linker molecule V (Benseler et a/., 
1993 supra; Jennings et a/., supra). Nomenclature is same as described 
under figure 3. 

Figs. 74a-b shows Hairpin ribozymes containing nucleotide spacer 
region "s" at the indicated location, wherein s is > 1 base. Hairpin 
25 ribozymes containing spacer region, can be synthesized as one fragment 
or can be assembled from multiple fragments. Nomenclature is same as 
described under figure 3. 

Figs. 75a-e shows the structures of the S'-C-alkyl-modified 
nucleotides. Ri is as defined above. R is OH, H, Oprotecting group, NH, or 
30 any group described by the publications discussed above, and those 
described below. B is as defined in the Figure or any other equivalent 
nucleotide base. CE is cyanoethyl, DMT is a standard blocking group. 
Other abbreviations are standard in the art. 
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Figure 76 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-o-all se nucleosides and their phosphoramidites. 

Figure 77 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-L-talose nucleosides and their phosphoramidites. 

5 Figure 78 is a diagrammatic representation of hammerhead 

ribozymes targeted to site O containing S'-C-methyl-L-talo modifications at 
various positions. 

Figure 79 shows RNA cleavage activity of HH-0 ribozymes. Fraction 
of target RNA uncleaved as a function of time is shown. 

10 Figure 80 is a diagrammatic representation of a position numbered 

hammerhead ribozyme (according to Hertel etal. Nucleic Acids Res. 1992, 
20, 3252) showing specific substitutions. 

Figs. 81a-j shows the structures of various 2-alkyl modified 
nucleotides which exemplify those of this invention. R groups are alkyl 
1 5 groups, Z is a protecting group. 

Figure 82 is a diagrammatic representation of the synthesis of 2'-C- 
allyl uridine and cytidine. 

Figure 83 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene uridine. 

20 Figure 84 is a diagrammatic representation of the synthesis of 2'-C- 

methylene and ^-Odifluoromethylene cytidine. 

Figure 85 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene adenosine. 

Figure 86 is a diagrammatic representation of the synthesis of 2'-C- 
25 carboxymethylidine uridine, 2 , -Omethoxycarboxymethylidine uridine and 
derivatized amidites thereof. X is CH3 or alkyl as discussed above, or 
another substituent. 

Figure 87 is a diagrammatic representation of a synthesis of 
nucleoside S'-deoxy-S'-difluoromethylphosphonates. 
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Figure 88 is a diagrammatic r presentation of the synthesis of 

nucleoside 5'-deoxy-5'-difluoromethylphosphonate 3'-phosphoramidites, 
dimers and solid supported dimers. 

Figure 89 is a diagrammatic representation of the synthesis of 
5 nucleoside 5'-deoxy-5'-difluoromethylene triphosphates. 

Figures 90 and 91 are diagrammatic representations of the synthesis 
of 3'-deoxy-3'-difluoromethylphosphonates and dimers. 

Figure 92 is a schematic representation of synthesizing RNA 
phosphoramidite of a nucleotide containing a 2'-hydroxyl group 
1 0 modification of the present invention. 

Figs. 93a-b describes a method for deprotection of oligonucleotides 
containing a 2*-hydroxyl group modification of the present invention. 

Figure 94 is a diagrammatic representation of a hammerhead 
ribozyme targeted to site N. Positions of 2'-hydroxyl group substitution is 
1 5 indicated. 

Figure 95 shows RNA cleavage activity of ribozymes containing a 2'- 
hydroxyl group modification of the present invention. All RNA, represents 
hammerhead ribozyme (HHN) with no 2'-hydroxyl group modifications. U7- 
ala, represents HHN ribozyme containing 2'-NH-alanine modification at the 
20 U7 position. U4/U7-ala, represents HHA containing 2'-NH-alanine 
modifications at U4 and U7 positions. U4 lys, represents HHA containing 
2-NH-lysine modification at U4 position. U7 lys, represents HHA containing 
2-NH-lysine modification at U7 position. U4/U7-lys, represents HHN 
containing 2'-NH-lysine modification at U4 and U7 positions. 

25 Figures 96 and 97 are schematic representations of synthesizing 

(solid-phase synthesis) 3* ends of RNA with modification of the present 
invention. B, refers to either a base, modified base or an H. 

Figure 98 and 99 are schematic representations of synthesizing 
(solid-phase synthesis) 5* ends of RNA with modification of the present 
30 invention. B ( refers to either a base, modified base or an H. 

Figures 100 and 101 are g neral schematic representations of the 
invention. 
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Fig. I02a-d is a schematic representation of a method of the invention. 

Fig. 103 is a graph of the results of the experiment diagrammed in 
figure 104. 

Figure 104 is a diagrammatic representation of a fusion mRNA used 
5 in the experiment diagrammed in Fig. 102. 

Figure 105 is a diagrammatic representation of a method for selection 
of useful ribozymes of this invention. 

Figure 106 generally shows R-loop formation, and an R-loop 
complex. In addition, it indicates the location at which ligands can be 
1 0 provided to target the R-loop complex to cells using at least three different 
procedures, such as ligand receptor interaction, lipid or calcium phosphate 
mediated delivery, or electroporation. 

Figure 107 shows a method for use of self-processing ribozymes to 
generate therapeutic ribozymes of unit length. This method is essentially 
1 5 described by Draper et al., PCT WO 93/23509. 

Figure 108 shows a method of linking ligands like folate, 
carbohydrate or peptides to R-loop forming RNA. 

Ribozymes of this invention block to some extent ICAM-1, IL-5, rel A, 
TNF-cc, p210 bcr " abl , or RSV genes expression and can be used to treat 
20 diseases or diagnose such diseases. Ribozymes will be delivered to cells 
in culture and to tissues in animal models. Ribozyme cleavage of ICAM-1 , 
II-5, rel A, TNF-a f p210 bcr * ab ', or RSV mRNA in these systems may prevent 
or alleviate disease symptoms or conditions. 

i y Target site? 

25 Targets for useful ribozymes can be determined as disclosed in 

Draper et al PCT WO93/23509, Sullivan et a/., PCT WO94/02595 as well 
as by Draper et al., PCT/US94/13129 and hereby incorporated by 
reference herein in totality. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 

30 methods, not limiting to those in the art. Ribozymes to such targets are 
designed as d scribed in those applications and synthesized to be tested 
in vitro and in vivo, as also described. Such ribozymes can also be 
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optimized and deliv red as described therein. While specific examples to 
animal and human RNA are provided, those in the art will recognize that 
the equivalent human RNA targets described can be used as described 
below. Thus, the same target may be used, but binding arms suitable for 
5 targeting human RNA sequences are present in the ribozyme. Such 
targets may also be selected as described below. 

It must be established that the sites predicted by the computer-based 
RNA folding algorithm correspond to potential cleavage sites. 
Hammerhead or hairpin ribozymes are designed that could bind and are 
10 individually analyzed by computer folding (Jaeger et al., 1989 Proc. Natl. 
Acad. Sci., USA, 86 7706-7710) to assess whether the ribozyme 
sequences fold into the appropriate secondary structure. Those ribozymes 
with unfavorable intramolecular interactions between the binding arms and 
the catalytic core are eliminated from consideration. Varying binding arm 
1 5 lengths can be chosen to optimize activity. Generally, at least 5 bases on 
J each arm are able to bind to, or otherwise interact with, the target RNA. 

mRNA is screened for accessible cleavage sites by the method 
described generally in Draper et al., PCT W093/23569 hereby 
incorporated by reference herein. Briefly, DNA oligonucleotides 

20 representing potential hammerhead or hairpin ribozyme cleavage sites are 
synthesized. A polymerase chain reaction is used to generate a substrate 
for T7 RNA polymerase transcription from cDNA clones. Labeled RNA 
transcripts are synthesized in vitro from DNA templates. The 
oligonucleotides and the labeled trascripts are annealed, RNaseH is 

25 added and the mixtures are incubated for the designated times at 37 8 C. 
Reactions are stopped and RNA separated on sequencing polyacrylamide 
gels. The percentage of the substrate cleaved is determined by 
autoradiographic quantitation using a phosphor imaging system. From 
these data, hammerhead or hairpin ribozynme sites are chosen as the 

30 most accessible. 

..Ribozymes of the hammerhea j or hairpin motif are designed to 
anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences desribed above. The 
ribozymes are chemically synthesized. The method of synthesis used 
35 follows the procedure for normal RNA synthesis as described in Usman et 
al., 1987 J. Am. Chem. Soc, 109, 7845 and in Scaringe et al., 1990 
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Nucleic Acids Res., 18, 5433 and made use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, 
phosphoramidites at the 3'-end. The average stepwise coupling yeilds are 
>98?/o. Inactive ribozymes are synthesized by substituting a U for G5 and a 
5 U for Au (numbering from Hertel et al M 1992 Nucleic Acids Res., 20, 
3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Miiligan and 

10 Uhlenbach, 1989, Methods Enzymol, 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
groups, for example, 2'-amino, 2'-C-allyl, 2-flouro, 2'-0-methyl, 2'H (for a 
review see Usman and Cedergren, 1992 TIBS 17,34). Ribozymes are 
purified by gel electrophoresis using heneral methods or are purified by 

1 5 high pressure liquid chromatography and are resuspended in water. 

Ewmplgl; ICAM-1 

Ribozymes that cleave ICAM-1 mRNA represent a novel therapeutic 
approach to inflammatory or autoimmune disorders. ICAM-1 function can 
be blocked therapeutically using monoclonal antibodies. Ribozymes have 
20 the advantage of being generally immunologically inert, whereas 
significant neutralizing anti-IgG responses can be observed with some 
monoclonal antibody treatments. 

The following is a brief description of the physiological role of ICAM-1. 
The discussion is not meant to be complete and is provided only for 
25 understanding of the invention that follows. This summary is not an 
admission that any of the work described below is prior art to the claimed 
invention. 

Intercellular adhesion molecule-1 (ICAM-1) is a cell surface protein 
whose expression is induced by inflammatory mediators. ICAM-1 is 
30 required for adhesion of leukocytes to endothelial cells and for several 
immunological functions including antigen presentation, immunoglobulin 
production and cytotoxic cell activity. Blocking ICAM-1 function prevents 
immune cell recognition and activity during transplant rejection and in 
animal models of rheumatoid arthritis, asthma and reperfusion injury. 
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Cell-cell adhesion plays a pivotal role in inflammatory and immune 
responses (Springer et al., 1987 Ann. Rev. Immunol. 5, 223-252). Cell 
adhesion is required for leukocytes to bind to and migrate through vascular 
endothelial cells. In addition, cell-cell adhesion is required for antigen 
5 presentation to T cells, for B cell induction by T cells, as well as for the 
cytotoxicity activity of T cells, NK cells, monocytes or granulocytes 
Intercellular adhesion molecule-1 (ICAM-1) is a 110 kilodalton member of 
the immunoglobulin superfamily that is involved in all of these cell-cell 
interactions (Simmons et al., 1988 Nature (London) 331, 624-627). 

10 ICAM-1 is expressed on only a limited number of cells and at low 

levels in the absence of stimulation (Dustin et al., 1986 J. Immunol. 137, 
245-254). Upon treatment with a number of inflammatory mediators 
(lipopolysaccharide, rinterferon, tumor necrosis factor-a, or interleukin-1 ) 
a variety of cell types (endothelial, epithelial, fibroblastic and hematopoietic 

1 5 cells) in a variety of tissues express high levels of ICAM-1 on their surface 
(Sringer et. al. supra; Dustin et al., supra; and Rothlein et al., 1988 J. 
Immunol. 141, 1665-1669). Induction occurs via increased transcription of 
ICAM-1 mRNA (Simmons et al., supra). Elevated expression is detectable 
after 4 hours and peaks after 1 6 - 24 hours of induction. 

20 ICAM-1 induction is critical for a number of inflammatory and immune 

responses. In vitro, antibodies to ICAM-1 block adhesion of leukocytes to 
cytokine-activated endothelial cells (Boyd.1988 Proc. Natl. Acad. Sci. USA 
85, 3095-3099; Dustin and Springer, 1988 J. Cell Biol. 107, 321-331). 
Thus, ICAM-1 expression may be required for the extravasation of immune 
25 cells to sites of inflammation. Antibodies to ICAM-1 also block T cell killing, 
mixed lymphocyte reactions, and T cell-mediated B cell differentiation! 
suggesting that ICAM-1 is required for these cognate cell interactions 
(Boyd et al., supra). The importance of ICAM-1 in antigen presentation is 
underscored by the inability of ICAM-1 defective murine B cell mutants to 
stimulate antigen-dependent T cell proliferation (Dang et al., 1990 J 
Immunol. 144, 4082-4091). Conversely, murine L cells require transfection 
with human ICAM-1 in addition to HLA-DR in order to present antigen to 
human T cells (Altmann et al., 1989 Nature (London) 338, 512-514). In 
summary, evidence in vitro indicates that ICAM-1 is required for cell-cell 
interactions critical to inflammatory responses, cellular immune responses, 
and humoral antibody responses. 
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By engineering ribozyme motifs we have designed several ribozymes 
directed against ICAM-1 mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance. These 
ribozymes cleava ICAM-1 target sequences in vitro. 

5 The sequence of human, rat and mouse ICAM-1 mRNA can be 

screened for accessible sites using a compter folding algorithm. Regions 
of the mRNA that did not form secondary folding structures and that contain 
potential hammerhead or hairpin ribozyme cleavage sites can be 
identified. These sites are shown in Tables 2, 3, and 6-9. (All sequences 
1 0 are 5' to 3' in the tables) While rat, mouse and human sequences can be 
screened and ribozymes thereafter designed, the human targeted 
sequences are of most utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 4 - 8 and 10. Those in the art will recognize that 
1 5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 The ribozymes will be tested for function in vivo by exogenous 

delivery to human umbilical vein endothelial cells (HUVEC). Ribozymes 
will be delivered by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA or RNA 
vectors described above. Cytokine-induced ICAM-1 expression will be 

25 monitored by ELISA, by indirect immunofluoresence, and/or by FACS 
analysis. ICAM-1 mRNA levels will be assessed by Northern, by RNAse 
protection, by primer extension or by quantitative RT-PCR analysis. 
Ribozymes that block the induction of ICAM-1 protein and mRNA by more 
than 90% will be identified. 

30 As disclosed by Sullivan et aL PCT WO94/02595, incorporated by 

reference herein, ribozymes and/or genes encoding them will be locally 
delivered to transplant tissue ex vivo in animal models. Expression of the 
ribozyme will be monitored by its ability to block ex vivo induction of ICAM- 
1 mRNA and protein. The effect of the anti-ICAM-1 ribozymes on graft 

35 rejection will then be assessed. Similarly, ribozymes will be introduced 
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into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-ICAM-1 ribozyme or a gene 
5 construct that constitutively expresses the ribozyme may abrogate 
inflammatory and immune responses in these diseases. 

Uses 

ICAM-1 plays a central role in immune cell recognition and function. 
Ribozyme inhibition of ICAM-1 expression can reduce transplant rejection 

1 0 and alleviate symptoms in patients with rheumatoid arthritis, asthma or 
other acute and chronic inflammatory disorders. We have engineered 
several ribozymes that cleave ICAM-1 mRNA. Ribozymes that efficiently 
inhibit ICAM-1 expression in cells can be readily found and their activity 
measured with regard to their ability to block transplant rejection and 

15 arthritis symptoms in animal models. These anti-ICAM-1 ribozymes 
represent a novel therapeutic for the treatment of immunological or 
inflammatory disorders. 

The therapeutic utility of reduction of activity of ICAM-1 function is 
evident in the following disease targets. The noted references indicate the 

20 role of ICAM-1 and the therapeutic potential of ribozymes described herein. 
Thus, these targets can be therapeutically treated with agents that reduce 
ICAM-1 expression or function. These diseases and the studies that 
support a critical role for ICAM-1 in their pathology are listed below. This 
list is not meant to be complete and those in the art will recognize further 

25 conditions and diseases that can be effectively treated using ribozymes of 
the present invention. 

• Transplant rejection 

ICAM-1 is expressed on venules and capillaries of human cardiac biopsies 
with histological evidence of graft rejection (Briscoe et al., 1991 Transplantation 
30 51,537-539). 

Antibody to ICAM-1 blocks renal (Cosimi et al., 1990 J. Immunol. 144, 4604- 
4612) and cardiac (Flavin et al., 1991 Transplant. Proc. 23, 533-534) graft 
rejection in primates. 
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A Phase I clinical trial of a monoclonal anti-ICAM-1 antibody showed significant 
reduction in rejection and a significant increase in graft function in human 
kidney transplant patients (Haug, et al. ( 1 993 Transplantation 55, 766-72). 

• Rheumatoid arthritis 

5 ICAM-1 overexpression is seen on synovial fibroblasts, endothelial cells, 
macrophages, and some lymphocytes (Chin et al. f 1990 Arthritis Rheum 33, 
1776-86; Koch et al. ( 1991 Lab In vest 64, 313-20). 

Soluble ICAM-1 levels correlate with disease severity (Mason et al., 1993 
Arthritis Rheum 36, 519-27). 

10 Anti-ICAM antibody inhibits collagen-induced arthritis in mice (Kakimoto et al., 
1992 Cell ImmunolAAZ, 326-37). 

Anti-ICAM antibody inhibits adjuvant-induced arthritis in rats (ligo et al., 1991 J 
Immunol 1 47 4167-71). 

• Myocardial ischemia, stroke, and reperfusion injury 

15 Anti-ICAM-1 antibody blocks adherence of neutrophils to anoxic endothelial 
cells (Yoshida et al., 1992 Am J Physiol 262, H1891-8). 

Anti-ICAM-1 antibody reduces neurological damage in a rabbit model of 
cerebral stroke (Bowes et al M 1993 Exp Neurol 119, 215-9). 

Anti-ICAM-1 antibody protects against reperfusion injury in a cat model of 
20 myocardial ischemia (Ma et al., 1 992 Circulation 86, 937-46). 

• Asthma 

Antibody to ICAM-1 partially blocks eosinophil adhesion to endothelial cells 
and is overexpressed on inflamed airway endothelium and epithelium in vivo 
(Wegner et al., 1990 Science 247, 456-9). 

25 In a primate model of asthma, anti-ICAM-1 antibody blocks airway eosinophilia 
(Wegneret al M supra) and prevents the resurgence of airway inflammation and 
hyper-responsiveness after dexamethosone treatment (Gundel et al., 1992 Clin 
Exp Allergy 22, 569-75). 



• Psoriasis 
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Surface ICAM-1 and a clipped, soluble version of ICAM-1 is expressed m 
psoriatic lesions and expression correlates with inflammation (Kellner et al., 
1991 Br J Dermatol 125, 211-6; Griffiths 1989 J Am Acad Dermatol 20, 617-29; 
Schopf et al., 1 993 Br J Dermatol 128, 34-7). 

5 Anti-ICAM antibody blocks keratinocyte antigen presentation to T cells 
(Nickoloff et al., 1993J /m/m/no/ 150, 2148-59 ). 

• Kawasaki disease 

Surface ICAM-1 expression correlates with the disease and is reduced by 
effective immunoglobulin treatment (Leung, et al., 1989Z.ancef 2, 1298-302). 

10 Soluble ICAM levels are elevated in Kawasaki disease patients; particularly 
high levels are observed in patients with coronary artery lesions (Furukawa et 
al., 1992>\/f/7/7f;s Rheum 35, 672-7; Tsuji, 1992 Arerugi4-\, 1507-14). 

Circulating LFA-1+ T cells are depleted (presumably due to ICAM-1 mediated 
extravasation) in Kawasaki disease patients (Furukawa et al., 1993Scand J 
15 Immunol 37, 377-80). 

Example 2: IL-5 

Ribozymes that cleave IL-5 mRNA represent a novel therapeutic 
approach to inflammatory disorders like asthma. The invention features 
use of ribozymes to treat chronic asthma, e^ by inhibiting the synthesis 
20 of IL-5 in lymphocytes and preventing the recruitment and activation of 
eosinophils. 

A number of cytokines besides IL-5 may also be involved in the 
activation of inflammation in asthmatic patients, including platelet activating 
factor, IL-1, IL-3, IL-4, GM-CSF, TNF-cc, gamma interferon, VCAM, ILAM-1, 

25 ELAM-1 and NF-kB. In addition to these molecules, it is appreciated that 
any cellular receptors which mediate the activities of the cytokines are also 
good targets for intervention in inflammatory diseases. These targets 
include, but are not limited to, the IL-1R and TNF-oR on keratinocytes, 
epithelial and endothelial cells in airways. Recent data suggest that certain 

30 neuropeptides may play a role in asthmatic symptoms. These peptides 
include substance P, neurokinin A and calcitonin-gen -related peptides. 
These target genes may have more general roles in inflammatory 
diseases, but are currently assumed to have a role only in asthma. 
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Ribozymes of this invention block to some extent IL-5 expression and 
can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
asthma (Clutterbuck et al. f 1989 supra ; Garssen et al M 1991 Am. Rev. 
5 Respir. Pis. 144, 931-938; Larsen et al., 1992 J. Clin. Jnvest. 89, 747-752; 
Mauser et al„ 1993 supra) . Ribozyme cleavage of IL-5 mRNA in these 
systems may prevent inflammatory cell function and alleviate disease 
symptoms. 

The sequence of human and mouse IL-5 mRNA were screened for 
10 accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 11, 13, and 14, 15, (All sequences are 5' to 3' in 
the tables.) While mouse and human sequences can be screened and 
ribozymes thereafter designed, the human targeted sequences are of most 
1 5 utility. However, mouse targeted ribozymes are useful to test efficacy of 
action of the ribozyme prior to testing in humans. The nucleotide base 
position is noted in the Tables as that site to be cleaved by the designated 
type of ribozyme. (In Table 12, lower case letters indicate positions that are 
not conserved between the Human and the Mouse IL-5 sequences.) 

20 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 12, 14 - 16. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem loop II sequence of 

25 hammerhead ribozymes listed in Tables 12 and 14 (S'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion and/or insertion) to contain any 
sequence provided, a minimum of two base-paired stem structure can form. 
Similarly, stem-loop IV sequence of hairpin ribozymes listed in Tables 15 
and 16 (5'-CACGUUGUG-3') can be altered (substitution, deletion and/or 

30 insertion) to contain any sequence provided, a minimum of two base- 
paired stem structure can form. The sequences listed in Tables 12, 14 - 16 
may be formed of ribonucleotides or other nucleotides or nc n-nucleotides. 
Such ribozymes are equivalent to the ribozymes described specifically in 
the Tables. 

35 By engineering ribozyme motifs we have designed several ribozymes 

directed against IL-5 mRNA sequences. These ribozymes are synthesized 
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with modifications that improve their nuclease resistance. The ability of 
ribozymes to cl ave IL-5 target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing IL-5 
expression levels. Ribozymes will be delivered to cells by incorporation 
5 into liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA or RNA vectors. IL-5 expression will be monitored 
by biological assays, ELISA, by indirect immunofluoresence, and/or by 
FACS analysis. IL-5 mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
1 0 Ribozymes that block the induction of IL-5 activity and/or IL-5 mRNA by 
more than 90% will be identified. 

Uses 

Interleukin 5 (IL-5), a cytokine produced by CD4+ T helper cells and 
mast cells, was originally termed B cell growth factor II (reviewed by 

1 5 Takatsu et al., 1988 Immunol. Rav. 102, 107). It stimulates proliferation of 
activated B cells and induces production of IgM and IgA. IL-5 plays a major 
role in eosinophil function by promoting differentiation (Clutterbuck et al., 
1989 BJfloji73, 1504-12), vascular adhesion (Walsh et al., 1990 
Immunology 71, 258-65) and in vitro survival of eosinophils (Lopez et al., 

20 1988 J, Ew, Med, 167, 219-24). This cytokine also enhances histamine 
release from basophils (Hirai et al., 1990 J. Exp. Med 172, 1525-8). The 
following summaries of clinical results support the selection of IL-5 as a 
primary target for the treatment of asthma: 

Several studies have shown a direct correlation between the number 
25 of activated T cells and the number of eosinophils from asthmatic patients 
vs. normal patients (Oehling et al., 1992 J. investig. Allergol. Clin. Immunol. 
2, 295-9). Patients with either allergic asthma or intrinsic asthma were 
treated with corticosteroids. The bronchoalveolar lavage was monitored for 
eosinophils, activated T helper cells and recovery of pulmonary function 
30 over a 28 to 30 day period. The number of eosinophils and activated T 
helper cells decreased progressively with subsequent improvement in 
pulmonary function compared to intrinsic asthma patients with no 
corticosteroid treatment. 

Bronchoalv olar lavage cells were screened for production of 
35 cytokines using in situ hybridization for mRNA. In situ hybridization signals 
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were detected for IL-2, IL-3, IL-4, IL-5 and GM-CSF. Upregulation of mRNA 
was observed for IL-4, IL-5 and GM-CSF (Robinson et al M 1993 J. Allergy 
Clin, ImmunQl. 92, 313-24). Another study showed that upregulation of IL-5 
transcripts from allergen challenged vs. saline challenged asthmatic 
5 patients (Krishnaswamy et al., 1993 Am. J. Respir. Cell. Mol. Biol 9, 279- 
86). 

An 18 patient study was performed to determine a mechanism of 
action for corticosteroid improvement of asthma symptoms. Improvement 
was monitored by methacholine responsiveness. A correlation was 
10 observed between the methacholine responsiveness, a reduction in the 
number of eosinophils, a reduction in the number of cells expressing IL-4 
and IL-5 mRNA and an increase in number of cells expressing interferon- 
gamma. 

Bronchial biopsies from 15 patients were analyzed 24 hours after 
allergen challenge (Bentley et al., 1993 Am. J. Respir. Cell MoL Biol 8, 
35-42). Increased numbers of eosinophils and IL-2 receptor positive cells 
were found in the biopsies. No differences in the numbers of total 
leukocytes, T lymphocytes, elastase-positive neutrophils, macrophages or 
mast cell subtypes were observed. The number of cells expressing IL-5 
and GM-CSF mRNA significantly increased. 

In another patient study, the eosinophil phenotype was the same for 
asthmatic patients and normal individuals. However, eosinophils from 
asthmatic patients had greater leukotriene C4 producing capacity and 
migration capacity. There were elevated levels of IL-3, IL-5 and GM-CSF in 
25 the circulation of asthmatics but not in normal individuals (Bruijnzeel et al., 
1992Schweiz. Med. Wochenschr 122,298-301). 

Efficacy of antibody to IL-5 was assessed in a guinea pig asthma 
model. The animals were challenged with ovalbumin and assayed for 
eosinophilia and the responsiveness to the bronchioconstriction substance 

30 P. A 30 mg/kg dose of antibody administered i.p, blocked ovalbumin- 
induced increased sensitivity to substance P and blocked increases in 
bronchoalveolar and lung tissue accumulation of eosinophils (Mauser et 
a'-. 1 993 Ami R9Yi Respir, Plff, 148, 1623-7). In a separate study guinea 
pigs challenged for eight days with ovalbumin were treated with 

35 monoclonal antibody to IL-5. Treatment produced a reduction in the 
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number of eosinophils in bronchoalveolar lavage. No reduction was 
observed for unchallenged guinea pigs and guinea pigs treated with a 
control antibody. Antibody treatment completely inhibited the development 
of hyperreactivity to histamine and arecoline after ovalbumin challenge 
5 (van Oosterhout et al., 1 993 Am. Rev. Raspir nk 1 47, 548-52) 

Results obtained from human clinical analysis and animal studi s 
indicate the role of activated T helper cells, cytokines and eosinophils in 
asthma. The role of IL-5 in eosinophil development and function makes IL- 
5 a good candidate for target selection. The antibody studies neutralized 
10 IL-5 in the circulation thus preventing eosinophilia. Inhibition of the 
production of IL-5 will achieve the same goal. 

Asthma - a prominent feature of asthma is the infiltration of 
eosinophils and deposition of toxic eosinophil proteins (e.g. major basic 
protein, eosinophil-derived neurotoxin) in the lung. A number of T-cell- 
1 5 derived factors like IL-5 are responsible for the activation and maintainance 
of eosinophils (Kay. 1991 J. Allergy Clin. Immnn 87, 893). Inhibition of IL-5 
expression in the lungs can decrease the activation of eosinophils and will 
help alleviate the symptoms of asthma. 

Atopy - is characterized by the developement of type I hypersensitive 
20 reactions associated with exposure to certain environmental antigens. One 
of the common clinical manifestations of atopy is eosinophilia 
(accumulation of abnormally high levels of eosinophils in- the blood). 
Antibodies against IL-5 have been shown to lower the levels of eosinophils 
in mice (Cook et al., 1993 in Immunophar macot. Eosinophils e d. Smith and 
25 Cook, pp. 193-216, Academic, London, UK) 

Parasitic infection-related eosinophilia- infections with 
parasites like helminths, can lead to severe eosinophilia (Cook et al., 1993 
SUPia). Animal models for eosinophilia suggest that infection of mice, for 
example, can lead to blood, peritoneal and/or tissue eosinophilia, all of 
30 which seem to be lowered to varying degrees by antibodies directed 
against IL-5. 

Pulmonary infiltration eosinophilia- is characterised by 
accumulation of high levels of eosinophils in pulmonary parenchyma 
(Gleich, 1990 J. Allergy Clin . Immunol. 85, 422). 
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L-Trypt phan-ass elated osin philia-myalgia syndrome 
(EMS)- The EMS disease is closely linked to the consumption of L- 
tryptophan, an essential aminoacid used to treat conditions like insomnia 
(for review see Varga et aL, 1993 J Invest. Dermatol. 100, 97s). Pathologic 
5 and histologic studies have demonstrated high levels of eosinophils and 
mononuclear inflammatory cells in patients with EMS. It appears that IL-5 
and transforming growth factor play a significant role in the development of 
EMS (Varga et al M 1993 suora^ by activating eosinophils and other 
inflammatory cells. 

1 0 Thus, ribozymes of the present invention that cleave IL-5 mRNA and 

thereby IL-5 activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits IL-5 
function is described above; available cellular and activity assays are 

15 numerous, reproducible, and accurate. Animal models for IL-5 function 
and for each of the suggested disease targets exist (Cook et al M 1993 
supra ) and can be used to optimize activity. 

Example 3: NF-kB 

Ribozymes that cleave rel A mRNA represent a novel therapeutic 
20 approach to inflammatory or autoimmune disorders. Inflammatory 
mediators such as lipopolysaccharide (LPS), interleukin-1 (IL-1) or tumor 
necrosis factor-a (TNF-a) act on cells by inducing transcription of a number 
of secondary mediators, including other cytokines and adhesion 
molecules. In many cases, this gene activation is known to be mediated by 
25 the transcriptional regulator, NF-kB. One subunit of NF-kB, the re/A gene 
product (termed RelA or p65) is implicated specifically in the induction of 
inflammatory responses. Ribozyme therapy, due to its exquisite specificity, 
is particularly well-suited to target intracellular factors that contribute to 
disease pathology. Thus, ribozymes that cleave mRNA encoded by rel A or 
30 TNF-a may represent novel therapeutics for the treatment of inflammatory 
and autoimmune disorders. 

The nuclear DNA-binding activity, NF-kB, was first identified as a 
factor that binds and activates the immunoglobulin k light chain enhancer 
in B cells. NF-kB now is known to activate transcription of a variety of other 
35 cellular genes (e.g., cytokines, adhesion proteins, oncogenes and viral 
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proteins) in response to a variety of stimuli (e.g., phorbol esters, mitogens, 
cytokines and oxidative stress). In addition, molecular and biochemical 
characterization of NF-kB has shown that the activity is due to a 
homodimer or heterodimer of a family of DNA binding subunits. Each 
5 subunit bears a stretch of 300 amino acids that is homologous to the 
oncogene, v-re/. The activity first described as NF-kB is a heterodimer of 
p49 or p50 with p65. The p49 and p50 subunits of NF-kB (encoded by the 
nf-KB2 or nf-KB1 genes, respectively) are generated from the precursors 
NF-kBI (p105) or NF-kB2 (p100). The p65 subunit of NF-kB (now 
1 0 termed Rel A ) is encoded by the rel A locus. 

The roles of each specific transcription-activating complex now are 
being elucidated in cells (N.D. Perkins, et al., 1992 Proc. Natl a«h .^i 
USA 89, 1529-1533). For instance, the heterodimer of NF-kB1 and Rel A 
(p50/p65) activates transcription of the promoter for the adhesion molecule, 

15 VCAM-1, while NF-xB2/RelA heterodimers (p49/p65) actually inhibit 
transcription (H.B. Shu, et al., Mol. Cell. Biol. 13, 6283-6289 (1993)). 
Conversely, heterodimers of NF-KB2/RelA (p49/p65) act with Tat-I to 
activate transcription of the HIV genome, while NF-icB1/RelA (p50/p65) 
heterodimers have little effect (J. Liu, N.D. Perkins, R.M. Schmid, G.J. 

20 Nabel, J, Virol, 1992 66. 3883-3887). Similarly, blocking rel A gene 
expression with antisense oligonucleotides specifically blocks embryonic 
stem cell adhesion; blocking NF-kB1 gene expression with antisense 
oligonucleotides had no effect on cellular adhesion (Narayanan et al., 
1993 Mot, Cell, Biol, 13, 3802-3810). Thus, the promiscuous role initially 

25 assigned to NF-kB in transcriptional activation (M.J. Lenardo, D. Baltimore, 
1989 Call 58, 227-229) represents the sum of the activities of the rel family 
of DNA-binding proteins. This conclusion is supported by recent transgenic 
"knock-out" mice of individual members of the rel family. Such "knock- 
outs" show few developmental defects, suggesting that essential 

30 transcriptional activation functions can be performed by more than one 
member of the rel family. 

A number of specific inhibitors of NF-kB function in cells exist, 
including treatment with phosphorothioate antisense oliogonucleotide,' 
treatment with double-stranded NF-kB binding sites, and over expression 
35 of the natural inhibitor MAD-3 (an IkB family member). These agents have 
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been used to show that NF-kB is requir d for induction of a number of 
molecules involved in inflammation, as described below. 

•NF-kB is required for phorbol ester-mediated induction of IL-6 (I. 
Kitajima, et al., Science 258, 1792-5 (1992)) and IL-8JKunsch and Rosen, 
5 1993 Mol. Cell. Biol. 13. 6137-46) 

•NF-kB is required for induction of the adhesion molecules ICAM-1 
(Eck, et al., 1993 Mol. Cell. Biol. 13, 6530-6536), VCAM-1 (Shu et al., 
supra), and E-selectin (Read, et al., 1994 J. Exp. Mad 179, 503-512) on 
endothelial cells. 

1 0 »NF-kB is involved in the induction of the integrin subunit, CD1 8, and 
other adhesive properties of leukocytes (Eck et al., 1 993 supra). 

The above studies suggest that NF-kB is integrally involved in the 
induction of cytokines and adhesion molecules by inflammatory mediators. 
Two recent papers point to another connection between NF-kB and 

1 5 inflammation: glucocorticoids may exert their anti-inflammatory effects by 
inhibiting NF-kB. The glucocorticoid receptor and p65 both act at NF-kB 
binding sites in the ICAM-1 promoter (van de Stolpe, et al., 1994 J. Biol. 
Chem, 269, 6185-6192). Glucocorticoid receptor inhibits NF-KB-mediated 
induction of IL-6 (Ray and Prefontaine, 1994 Proc. Natl Acad. Sci USA 91 , 

20 752-756). Conversely, overexpression of p65 inhibits glucocorticoid 
induction of the mouse mammary tumor virus promoter. Finally, protein 
cross-linking and co-immunoprecipitation experiments demonstrated direct 
physical interaction between p65 and the glucocorticoid receptor (Id). 

Ribozymes of this invention block to some extent NF-kB expression 
25 and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
of restenosis, transplant rejection and rheumatoid arthritis. Ribozyme 
cleavage of relA mRNA in these systems may prevent inflammatory cell 
function and alleviate disease symptoms. 

30 The sequence of human and mouse re/A mRNA can be screened for 

accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 17, 18 and 21-22. (All sequences are 5' to 3' in 
the tables.) While mouse and human sequences can be screened and 
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ribozymes thereafter designed, the human targetted sequences are of most 
utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 19-22. Those in the art will recognize that 
5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

1 0 By engineering ribozyme motifs we have designed several ribozymes 

directed against re/ A mRNA sequences. These ribozymes are synthesized 
with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave relA target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing cytokine- 
1 5 induced VCAM-1 , ICAM-1 , IL-6 and IL-8 expression levels. Ribozymes will 
be delivered to cells by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA and RNA 
vectors. Cytokine-induced VCAM-1, ICAM-1, IL-6 and IL-8 expression will 
be monitored by ELISA, by indirect immunofluoresence, and/or by FACS 
20 analysis. Rel A mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
Activity of NF-kB will be monitored by gel-retardation assays. Ribozymes 
that block the induction of NF-kB activity and/or rel A mRNA by more than 
50% will be identified. 

25 RNA ribozymes and/or genes encoding them will be locally delivered 

to transplant tissue ex vivo in animal models. Expression of the ribozyme 
will be monitored by its ability to block ex vivo induction of VCAM-1, ICAM- 
1, IL-6 and IL-8 mRNA and protein. The effect of the anti-re/ A ribozymes 
on graft rejection will then be assessed. Similarly, ribozymes will be 

30 introduced into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-re/A ribozyme or a gene 
construct that constitutively expresses th ribozyme may abrogate 

35 inflammatory and immune responses in these diseases. 
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Uses 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
5 treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
immunosuppressive properties of a ribozyme that cleaves rel A mRNA, 
uses are limited to local delivery, acute indications, or ex vivo treatment. 

1 0 •Rheumatoid arthritis (RA). 

Due to the chronic nature of RA, a gene therapy approach is logical. 
Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 

1 5 synovium: high efficiency of gene transfer and expression for several 
months would be expected (B.J. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 

20 administrations may be necessary. Retrovirus and adeno-associated virus 
vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Restenosis. 

25 Expression of NF-kB in the vessel wall of pigs causes a narrowing of 

the luminal space due to excessive deposition of extracellular matrix 
components. This phenotype is similar to matrix deposition that occurs 
subsequent to coronary angioplasty. In addition, NF-kB is required for the 
expression of the oncogene c-myb (F.A. La Rosa, J.W. Pierce, G.E. 

30 Soneneshein, Mol. Cell. Biol. 14, 1039-44 (1994)). Thus NF-kB induces 
smooth muscle proliferation and the expression of excess matrix 
components: both processes are thought to contribute to reocclusion of 
vessels after coronary angioplasty. 
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NF-kB is required for the induction of adhesion molecules (Eck et al., 
supra, K. O'Brien, et al., J. Clin. Invest. 92, 945-951 (1993)) that function in 
immune recognition and inflammatory responses. At least two potential 
modes of treatment are possible. In the first, transplanted organs are 
5 treated ex vivo with ribozymes or ribozyme expression vectors. Transient 
inhibition of NF-kB in the transplanted endothelium may be sufficient to 
prevent transplant-associated vasculitis and may significantly modulate 
graft rejection. In the second, donor B cells are treated ex vivo with 
ribozymes or ribozyme expression vectors. Recipients would receive the 
1 0 treatment prior to transplant. Treatment of a recipient with B cells that do 
not express T cell co-stimulatory molecules (such as ICAM-1, VCAM-1, 
and/or B7 an B7-2) can induce antigen-specific anergy. Tolerance to the 
donor's histocompatibility antigens could result; potentially, any donor 
could be used for any transplantation procedure. 

1 5 "Asthma. 

Granulocyte macrophage colony stimulating factor (GM-CSF) is 
thought to play a major role in recruitment of eosinophils and other 
inflammatory cells during the late phase reaction to asthmatic trauma. 
Again, blocking the local induction of GM-CSF and other inflammatory 
20 mediators is likely to reduce the persistent inflammation observed in 
chronic asthmatics. Aerosol delivery of ribozymes or adenovirus ribozyme 
expression vectors is a feasible treatment. 

•Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
25 techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
30 adenovirus or retrovirus constructs will greatly enhance their potential. 

Thus, ribozymes of the present invention that cleave relA mRNA and 
thereby NF-kB activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits NF-kB 
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function is described above; availabl cellular and activity assays are 
number, reproducible, and accurate. Animal models for NF-kB function 
(Kitajima, et al., supra) and for each of the suggested disease targets exist 
and can be used to optimize activity. 

5 Example 4: TNF-« 

Rlbozymes that cleave the specific cites in TNF-a mRNA represent a 
novel therapeutic approach to inflammatory or autoimmune disorders. 

Tumor necrosis factor-o (TNF-a) is a protein, secreted by activated 
leukocytes, that is a potent mediator of inflammatory reactions. Injection of 
10 TNF-a into experimental animals can simulate the symptoms of systemic 
and local inflammatory diseases such as septic shock or rheumatoid 
arthritis. 

TNF-a was initially described as a factor secreted by activated 
macrophages which mediates the destruction of solid tumors in mice (Old, 

15 1985 Science 230, 4225-4231). TNF-a subsequently was found to be 
identical to cachectin, an agent responsible for the weight loss and wasting 
syndrome associated with tumors and chronic infections (Beutler, et al., 
1985 Nature 316, 552-554). The cDNA and the genomic locus for TNF-a 
have been cloned and found to be related to TNF-fl (Shakhov et al., 1990 

20 J, EXP. M9d, 171, 35-47). Both TNF-a and TNF-8 bind to the same 
receptors and have nearly identical biological activities. The two TNF 
receptors have been found on most cell types examined (Smith, et al., 
1990 Science 248, 1019-1023). TNF-a secretion has been detected from 
monocytes/macrophages, CD4+ and CD8+ T-cells, B-cells, lymphokine 

25 activated killer cells, neutrophils, astrocytes, endothelial cells, smooth 
muscle cells, as well as various non-hematopoietic tumor cell lines ( for a 
review see Turestskaya et al., 1991 in Tumor Necros is Factor Rtm^ .ro 
Function, and Mechanism of Aotinn, B. B. Aggarwal, J. Vilcek. Eds. Marcel 
Dekker, Inc., pp. 35-60). TNF-a is regulated transcriptionally and 

30 translationally, and requires proteolytic processing at the plasma 
membrane in order to be secreted (Kriegler et al., 1988 £eJl 53, 45-53). 
Once secreted, the serum half life of TNF-a is approximately 30 minutes. 
The tight regulation of TNF-a is important due to the extreme toxicity of this 
cytokine. Increasing evidence indicates that overproduction of TNF-a 
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during infections can lead to severe systemic toxicity and death (Tracey & 
Cerami, 1992 Am. J. Troo. Med. Hvn 47, 2-7). 

Antisense RNA and Hammerhead ribozymes have been used in an 
attempt to lower the expression level of TNF-a by targeting specified 
5 cleavage sites [Sioud et al., 1992 J. Mol. Biol. 223; 831; Sioud WO 
94/10301; Kisich and co-workers, 1990 abstract (FASF.B J. 4, A1860; 1991 
slide presentation (J, leukocyte Biol, sup. 2, 70); December, 1992 poster 
presentation at Anti-HIV Therapeutics Conference in SanDiego, CA; and 
•Development of anti-TNF-a ribozymes for the control of TNF-a gene 
10 expression"- Kisich, Doctoral Dissertation, 1993 University of California, 
Davis] listing various TNFo targeted ribozymes. 

Ribozymes of this invention block to some extent TNF-a expression 
and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
15 of septic shock and rheumatoid arthritis. Ribozyme cleavage of TNF-a 
mRNA in these systems may prevent inflammatory cell function and 
alleviate disease symptoms. 

The sequence of human and mouse TNF-a mRNA can be screened 
for accessible sites using a computer folding algorithm. Hammerhead or 

20 hairpin ribozyme cleavage sites were identified. These sites are shown in 
Tables 23, 25, and 27 - 28. (All sequences are 5* to 3' in the tables.) While 
mouse and human sequences can be screened and ribozymes thereafter 
designed, the human targeted sequences are of most utility. However, 
mouse targeted ribozymes are useful to test efficacy of action of the 

25 ribozyme prior to testing in humans. The nucleotide base position is noted 
in the Tables as that site to be cleaved by the designated type of ribozyme. 
(In Table 24, lower case letters indicate positions that are not conserved 
between the human and the mouse TNF-a sequences.) 

The sequences of the chemically synthesized ribozymes useful in this 
30 -study, are shown in Tables 24, 26 - 28. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 
hammerhead ribozymes listed in Tables 24 and 26 (5-GGCCGAAAGGCC- 
35 3') can be altered (substitution, deletion, and/or insertion) to contain any 
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form. Similarly/ stem-loop IV sequence of hairpin ribozymes listed in 
Tables 27 and 28 (5'-CACGUUGUG-3') can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
5 two base-paired stem structure can form. The sequences listed in Tables 
24, 26 - 28 may be formed of ribonucleotides or other nucleotides or non- 
nucleotides. Such ribozymes are equivalent to the ribozymes described 
specifically in the Tables or AAV . 

In a preferred embodiment of the invention, a transcription unit 
10 expressing a ribozyme that cleaves TNF-a RNA is inserted into a plasmid 
DNA vector or an adenovirus DNA viral vector or AAV or alpha virus or 
retroviris vectors. Viral vectors have been used to transfer genes to the 
intact vasculature or to joints of live animals (Willard et al. ( 1992 
Circulation, 86, I-473.; Nabel et al. ( 1990 Science . 249, 1285-1288) and 
1 5 both vectors lead to transient gene expression. The adenovirus vector is 
delivered as recombinant adenoviral particles. DNA may be delivered 
alone or complexed with vehicles (as described for RNA above). The DNA, 
DNA/vehicle complexes, or the recombinant adenovirus particles are 
locally administered to the site of treatment, e.g., through the use of an 
20 injection catheter, stent or infusion pump or are directly added to cells, or 
tissues ex vivo. 

In another preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-« RNA is inserted into a retrovirus 
vector for sustained expression of ribozyme(s). 

25 By engineering ribozyme motifs we have designed several ribozymes 

directed against TNF-a mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave TNF-a target sequences in vitro is evaluated. 

The ribozymes will be tested for function in cells by analyzing 
30 bacterial lipopolysaccharide (LPS)-induced TNF-a expression levels. 
Ribozymes will be delivered to cells by incorporation into liposomes, by 
complexing with cationic lipids, by microinjection, or by expression from 
DNA vectors. TNF-a expression will be monitored by ELISA, by indirect 
immunofluoresence, and/or by FACS analysis. TNF-a mRNA levels will be 
35 assessed by Northern analysis, RNAse protection, primer extension 
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analysis or quantitative RT-PCR. Ribozymes that block the induction of 
TNF-a activity and/or TNF-a mRNA by more than 90% will be identified. 

RNA ribozymes and/or genes encoding them will be locally delivered 
to macrophages by intraperitoneal injection. After a period of ribozyme 
5 uptake, the peritoneal macrophages are harvested and induced ex vivo 
with LPS. The ribozymes that significantly reduce TNF-a secretion are 
selected. The TNF-a can also be induced after ribozyme treatment with 
fixed Streptococcus in the peritoneal cavity instead of ex vivo. In this 
fashion the ability of TNF-a ribozymes to block TNF-a secretion in a 
10 localized inflammatory response are evaluated. In addition, we will 
determine if the ribozymes can block an ongoing inflammatory response by 
delivering the TNF-a ribozymes after induction by the injection of fixed 
Streptococcus. 

To examine the effect of anti-TNF-a ribozymes on systemic 
1 5 inflammation, the ribozymes are delivered by intravenous injection. The 
ability of the ribozymes to inhibit TNF-a secretion and lethal shock caused 
by systemic LPS administration are assessed. Similarly, TNF-a ribozymes 
can be introduced into the joints of mice with collagen-induced arthritis. 
Either free delivery, liposome delivery, cationic lipid delivery, adeno- 
20 associated virus vector delivery, adenovirus vector delivery, retrovirus 
vector delivery or plasmid vector delivery in these animal model 
experiments can be used to supply ribozymes. One dose (or a few 
infrequent doses) of a stable anti-TNF-a ribozyme or a gene construct that 
constitutively expresses the ribozyme may abrogate tissue damage in 
25 these inflammatory diseases. 

Macrophage isolation. 

To produce responsive macrophages 1 ml of sterile fluid thioglycollate 
broth (Difco, Detroit, Ml.) was injected i.p. into 6 week old female 
C57bl/6NCR mice 3 days before peritoneal lavage. Mice were maintained 

30 as specific pathogen free in autoclaved cages in a laminar flow hood and 
given sterilized water to minimize "spontaneous" activation of 
macrophages. The resulting peritoneal exudate cells (PEC) were obtained 
by lavage using Hanks balanced salt solution (HBSS) and were plated at 
2.5X1 0 5 /well in 96 well plates (Costar, Cambridge, MA.) with Eagles 

35 minimal essential medium (EMEM) containing 10% heat inactivated fetal 
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bovine serum. After adhering for 2 hours the wells were washed to remove 
non-adherent cells. The resulting cultures were 97% macrophages as 
determined by morphology and staining for non-specific esterase. 

Transfection of ribozymes into macrophages: 

5 The ribozymes were diluted to 2X final concentration, mixed with an 

equal volume of 11nM lipofectamine (Life Technologies, Gaithersburg, 
MD.), and vortexed. 100 ml of lipid:ribozyme complex was then added 
directly to the cells, followed immediately by 10 ml fetal bovine serum. 
Three hours after ribozyme addition 100 ml of 1 mg/ml bacterial 
10 lipopolysaccaride (LPS) was added to each well to stimulate TNF 
production. 

Quantitation of TNF-a in mouse macrophages: 

Supernatants were sampled at 0, 2. 4, 8, and 24 hours post LPS 
stimulation and stored at -70°C. Quantitation of TNF-a was done by a 

1 5 specific ELISA. ELISA plates were coated with rabbit anti-mouse TNF-a 
serum at 1 : 1000 dilution (Genzyme) followed by blocking with milk proteins 
and incubation with TNF-a containing supernatants. TNF-a was then 
detected using a murine TNF-a specific hamster monoclonal antibody 
(Genzyme). The ELISA was developed with goat anti-hamster IgG coupled 

20 to alkaline phosphatase. 

Assessment of reagent toxicity: 

Following ribozyme/lipid treatment of macrophages and harvesting of 
supernatants viability of the cells was assessed by incubation of the cells 
with 5 mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
25 bromide (MTT). This compound is reduced by the mitochondrial 
dihydrogenases, the activity of which correlates well with cell viability. After 
1 2 hours the absorbance of reduced MTT is measured at 585 nm. 

Uses 

The association between TNF-a and bacterial sepsis, rheumatoid 
30 arthritis, and autoimmune disease make TNF-a an attractive target for 
therapeutic intervention [Tracy & Cerami 1992 suora: Williams et al., 1992 
Proc, Nat', Acad, S<?i, USA 89, 9784-9788; Jacob, 1992 J. Autoimmun 5 
(Supp. A). 133-143]. 
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SeDtic S^rL; 



Septic shock is a complication of major surgery, bacterial infection 
and polytrauma characterized by high fever, increased cardiac output' 
reduced blood pressure and a neutrophilic infiltrate into the lungs and 
other major organs. Current treatment options are limited to antibiotics to 
reduce the bacterial load and non-steroidal anti-inflammatories to reduce 
fever. Despite these treatments in the best intensive care settings, mortality 
from septic shock averages 50%, due primarily to multiple organ failure 
and disseminated vascular coagulation. Septic shock, with an incidence of 
200,000 cases per year in the United States, is the major cause of death in 
intensive care units. In septic shock syndrome, tissue injury or bacterial 
products initiate massive immune activation, resulting in the secretion of 
pro-inflammatory cytokines which are not normally detected in the serum 
such as TNF-a, interleukin-1B (IL-16), interferon (IFN-y), interleukin-6 (IL- 
6), and interleukin-8 (IL-8). Other non-cytokine mediators such as 
leukotriene b4, prostaglandin E2, C3a and C3d also reach high levels (de 
Boer et al., 1992 lmmunopharma ffff |^y 2 4, 135-148). 

TNF-a is detected early in the course of septic shock in a large fraction 
of patients (de Boer et al., 1992 shod). In animal models, injection of TNF- 
o has been shown to induce shock-like symptoms similar to those induced 
by LPS injection (Beutler et al., 1985 SsiSDSSL 229, 869-871); in contrast 
mjection of IL-16, IL-6, or IL-8 does not induce shock. Injection of TNF-a 
also causes an elevation of IL-1S, IL-6. IL-8, PgE 2 , acute phase proteins, 
and TxA2 in the serum of experimental animals (de Boer et al., 1992 
sma). In animal models the lethal effects of LPS can be blocked by pre- 
administration of anti-TNF-a antibodies. The cumulative evidence indicates 
that TNF-a is a key player in the pathogenesis of septic shock, and 
therefore a good candidate for therapeutic intervention. 

Rheumatoid Arthrjtfo 

Rheumatoid arthritis (RA) is an autoimmune disease characterized by 
chronic inflammation of the joints leading to bone destruction and loss of 
joint function. At the cellular level, autoreactive T- lymphocytes and 
monocytes are typically present, and the synoviocytes often have altered 
morphology and immunostaining patterns. RA joints have been shown to 
contain elevated levels of TNF-a, IL-1a and IL-16, IL-6, GM-CSF and TGF- 
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B (Abney et al., 1991 Imrn, Rev, 1 19. 105-123), some or all of which may 
contribute to the pathological course of the disease. 

Cells cultured from RA joints spontaneously secrete all of the pro- 
inflammatory cytokines detected in vivo. Addition of antisera against TNF-a 
5 to these cultures has been shown to reduce IL-1o/B production by these 
cells to undetectable levels (Abney et al., 1991 Supra ). Thus, TNF-a may 
directly induce the production of other cytokines in the RA joint. Addition of 
the anti-inflammatory cytokine, TGF-I3, has no effect on cytokine secretion 
by RA cultures. Immunocytochemical studies of human RA surgical 

10 specimens clearly demonstrate the production of TNF-a, IL-1a/B, and IL-6 
from macrophages near the cartilage/pannus junction when the pannus in 
invading and overgrowing the cartilage (Chu et al., 1992 Br. J. 
Rheumatology 31, 653-661). GM-CSF was shown to be produced mainly 
by vascular endothelium in these samples. Both TNF-a and TGF-B have 

15 been shown to be fibroblast growth factors, and may contribute to the 
accumulation of scar tissue in the RA joint. TNF-a has also been shown to 
increase osteoclast activity and bone resorption, and may have a role in 
the bone erosion commonly found in the RA joint (Cooper et al., 1992 Clin. 
Exp. Immunol. 89,244-250). 

20 Elimination of TNF-a from the rheumatic joint would be predicted to 

reduce overall inflammation by reducing induction of MHC class II, IL-1o/B, 
II-6, and GM-CSF, and reducing T-cell activation. Osteoclast activity might 
also fall, reducing the rate of bone erosion at the joint. Finally, elimination 
of TNF-a would be expected to reduce accumulation of scar tissue within 

25 the joint by removal of a fibroblast growth factor. 

Treatment with an anti-TNF-a antibody reduces joint swelling and the 
histological severity of collagen-induced arthritis in mice (Williams et al., 
19 92 Proc, Natl, Acad, Sci. USA 89, 9784-9788). In addition, a study of RA 
patients who have received i.v. infusions of anti-TNF-a monoclonal 
30 antibody reports a reduction in the number and severity of inflamed joints 
after treatment. The benefit of monoclonal antibody treatment in the long 
term may btf limited by the expense and immunogenicity of the antibody. 

Psoriasis 

Psoriasis is an inflammatory disorder of the skin characterized by 
35 keratinocyte hyperproliferation and immune cell infiltrate (Kupper, 1990 ^ 
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S J'H. 'nvgst, 86, 1783-1789). It is a fairly common condition, affecting 1.5- 
2.0% of the population. The disorder ranges in severity from mild, with 
small flaky patches of skin, to severe, involving inflammation of the entire 
epidermis. The cellular infiltrate of psoriasis includes T-lymphocytes, 
neutrophils, macrophages, and dermal dendrocytes. The majority of T- 
lymphocytes are activated CD4+ cells of the T H -1 phenotype, although 
some CD8+ and CD4VCD8" are also present. B lymphocytes are typically 
not found in abundance in psoriatic plaques. 

Numerous hypotheses have been offered as to the proximal cause of 
psoriasis including auto-antibodies and auto-reactive T-cells, 
overproduction of growth factors, and genetic predisposition. Although 
there is evidence to support the involvement of each of these factors in 
psoriasis, they are neither mutually exclusive nor are any of them 
necessary and sufficient for the pathogenesis of psoriasis (Reeves, 1991 
15 Semin. Damnatgl, m, 917) 

The role of cytokines in the pathogenesis of psoriasis has been 
investigated. Among those cytokines found to be abnormally expressed 
were TGF-a , IL-1a, IL-113, IL-1ra, IL-6, IL-8, IFN-% and TNF-oc . In addition 
to abnormal cytokine production, elevated expression of ICAM-1, ELAM-1, 

20 and VCAM has been observed (Reeves, 1991 smsl. This cytokine profile 
is similar to that of normal wound healing, with the notable exception that 
cytokine levels subside upon healing. Keratinocytes themselves have 
recently been shown to be capable of secreting EGF, TGF-a. IL-6, and 
TNF-a, which could increase proliferation in an autocrine fashion (Ox'holm 

25 et al., 1 991 APMIS 99, 58-64). 

Nickoloff et al., 1993 (J Dermatol Soj . 6, 127-33) have proposed the 
following model for the initiation and maintenance of the psoriatic plaque: 

Tissue damage induces the wound healing response in the skin 
Keratinocytes secrete IL-1a, IL-1B, IL-6, IL-8, TNF-a. These factors 
30 activate the endothelium of dermal capillaries, recruiting PMNs, 
macrophages, and T-cells into the wound site. 

Dermal dendrocytes near the dermal/epidermal junction remain 
activated when they should return to a qusoscent state, and subsequently 
secrete cytokines including TNF-a, IL-6, and iL-8. Cytokine expression in 
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turn, maintains the activated state of the endothelium, allowing 
extravasation of additional immunocytes. and the activated state of the 
keratinocytes which secrete TGF-ct and IL-8. Keratinocyte IL-8 recruits 
imnunocytes from the dermis into the epidermis. During passage through 
5 the dermis, T-cells encounter the activated dermal dendrocytes which 
efficiently activate the T H -1 phenotype. The activated T-cells continue to 
migrate into the epidermis, where they are stimulated by keratinocyte- 
expressed ICAM-1 and MHC class II, IFN-y secreted by the T-cells 
synergizes with the TNF-ct from dermal dendrocytes to increase 
1 0 keratinocyte proliferation and the levels of TGF-a, IL-8, and IL-6 production. 
IFN-y also feeds back to the dermal dendrocyte, maintaining the activated 
phenotype and the inflammatory cycle. 

Elevated serum titres of IL-6 increases synthesis of acute phase 
proteins including complement factors by the liver, and antibody production 
1 5 by plasma cells. Increased complement and antibody levels increases the 
probability of autoimmune reactions. 

Maintenance of the psoriatic plaque requires continued expression of 
all of these processes, but attractive points of therapeutic intervention are 
TNF-ct expression by the dermal dendrocyte to maintain activated 
20 endothelium and keratinocytes, and IFN-y expression by T-cells to maintain 
activated dermal dendrocytes. 

There are 3 million patients in the United States afflicted with 
psoriasis. The available treatments for psoriasis are corticosteroids. The 
most widely prescribed are TEMOVATE (clobetasol propionate), LIDEX 

25 (fluocinonide), DIPROLENE (betamethasone propionate), PSORCON 
(diflorasone diacetate) and TRIAMCINOLONE formulated for topical 
application. The mechanism of action of corticosteroids is multifactorial. 
This is a palliative therapy because the underlying cause of the disease 
remains, and upon discontinuation of the treatment the disease returns. 

30 Discontinuation of treatment is often prompted by the appearance of 
adverse effects such as atrophy, telangiectasias and purpura. 
Corticosteroids are not recommended for prolonged treatments or when 
treatment of large and/or inflamed areas is required. Alternative treatments 
include retinoids, such as etretinate, which has been approved for 

35 treatment of severe, refractory psoriasis. Alternative retinoid-based 
treatments are in advanced clinical trials. Retinoids act by converting 
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keratinocytes to a differentiated state and restoration of normal skin 
development. Immunosuppressive drugs such as cyclosporine are also in 
the advanced stages of clinical trials. Due to the nonspecific mechanism of 
action of corticosteroids, retinoids and immunosuppressives, these 
5 treatments exhibit severe side effects and should not be used for extended 
periods of time unless the condition is life-threatening or disabling. There 
is a need for a less toxic, effective therapeutic agent in psoriatic patients. 

HIV and AIDS 

The human immunodeficiency virus (HIV) causes several 
10 fundamental changes in the human immune system from the time of 
infection until the development of full-blown acquired immunodeficiency 
syndrome (AIDS). These changes include a shift in the ratio of CD4+ to 
CD8+ T-cells, sustained elevation of IL-4 levels, episodic elevation of TNF- 
« and TNF-B levels, hypergammaglobulinemia, and lymphoma/leukemia 
15 (Rosenberg & Fauci, 1990 Immun. Today 11, 176; Weiss 1993 Science 
260, 1273). Many patients experience a unique tumor, Kaposi's sarcoma 
and/or unusual opportunistic infections (e.g. Pneumocystis carina, 
cytomegalovirus, herpesviruses, hepatitis viruses, papilloma viruses, and 
tuberculosis). The immunological dysfunction of individuals with AIDS 
20 suggests that some of the pathology may be due to cytokine dysregulation. 

Levels of serum TNF-o and IL-6 are often found to be elevated in 
AIDS patients (Weiss, 1993 supia). In tissue culture, HIV infection of 
monocytes isolated from healthy individuals stimulates secretion of both 
TNF-o and IL-6. This response has been reproduced using purified gp120, 

25 the viral coat protein responsible for binding to CD-4 (Buonaguro et al., 
1992 J, Virol, 66, 7159). It has also been demonstrated that the viral gene 
regulator, Tat, can directly induce TNF transcription. The ability of HIV to 
directly stimulate secretion of TNF-o and IL-6 may be an adaptive 
mechanism of the virus. TNF-o has been shown to upregulate transcription 

30 of the LTR of HIV, increasing the number of HIV-specific transcripts in 
infected cells. IL-6 enhances HIV production, but at a post-transcriptional 
level, apparently increasing the efficiency with which HIV transcripts are 
translated into protein. Thus, stimulation of TNF-o secretion by the HIV 
virus may promote infection of neighboring CD4+ cells both by enhancing 

35 virus production from latently infected cells and by driving replication of the 
virus in newly infected cells. 
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The role of TNF-o in HIV replication has been well established in 
tissue culture models of infection (Sher et al., 1992 Immun. Ftav 127, 183), 
suggesting that the mutual induction of HIV replication and TNF-a 
replication may create positive feedback in vivo. However, evidence for the 
5 presence of such positive feedback in infected patients is not abundant. 
TNF-a levels are found to be elevated in some, but not all patients tested. 
Children with AIDS who were given zidovudine had reduced levels of TNF- 
<x compared to those not given zidovudine (Cremoni et al., 1993 AIDS 7, 
128). This correlation lends support to the hypothesis that reduced viral 
10 replication is physiologically linked to TNF-o levels. Furthermore, recently 
it has been shown that the polyclonal B cell activation associated with HIV 
infection is due to membrane-bound TNF-a. Thus, levels of secreted TNF-a 
may not accurately reflect the contribution of this cytokine to AIDS 
pathogenesis. 

15 Chronic elevation of TNF-a has been shown to shown to result in 

cachexia (Tracey et al., 1992 Am. J. Troo. Mart Hyr, 47, 2-7), increased 
autoimmune disease (Jacob, 1992 Siip_ra), lethargy, and immune 
suppression in animal models (Aderka et al., 1992 Isr. J. Med. Sri 28, 126- 
130). The cachexia associated with AIDS may be associated with 

20 chronically elevated TNF-a frequently observed in AIDS patients. 
Similarly, TNF-a can stimulate the proliferation of spindle cells isolated 
from Kaposi's sarcoma lesions of AIDS patients (Barillari et al., 1992 J 
Immunol 149, 3727). 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
25 adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
30 immunosuppressive properties of a ribozyme that cleaves the specified 
sites in TNF-a mRNA, uses are limited to local delivery, acute indications, 
or ex vivo treatment. 

•Septic shock. 
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Exogenous delivery of ribozymes to macrophages can be achieved 
by intraperitoneal or intravenous injections. Ribozymes will be delivered 
by incorporation into liposomes or by complexing with cationic lipids. 

•Rheumatoid arthritis (RA). 

Due to the chronic nature of RA, a gene therapy approach is logical. 
Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 
synovium: high efficiency of gene transfer and expression for several 
months would be expected (B.J. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L. Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 
administrations may be necessary. Retrovirus and adeno-associated virus 
vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Psoriasis 

The psoriatic plaque is a particularly good candidate for ribozyme or 
vector delivery. The stratum corneum of the plaque is thinned, providing 
access to the proliferating keratinocytes. T-cells and dermal dendrocytes 
can be efficiently targeted by trans-epidermal diffusion . 

Organ culture systems for biopsy specimens of psoriatic and normal 
skin are described in current literature (Nickoloff et al., 1993 Supra l 
Primary human keratinocytes are easily obtained and will be grown into 
epidermal sheets in tissue culture. In addition to these tissue culture 
models, the flaky skin mouse develops psoriatic skin in response to UV 
light. This model would allow demonstration of animal efficacy for 
ribozyme treatments of psoriasis. 

•Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
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vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
adenovirus or retrovirus corstructs will greatly enhance their potential. 

5 Thus, ribozymes of the present invention that cleave TNF-a mRNA 

and thereby TNF-a activity have many potential therapeutic uses, and 
there are reasonable modes of delivering the ribozymes in a number of the 
possible indications. Development of an effective ribozyme that inhibits 
TNF-a function is described above; available cellular and activity assays 
1 0 are number, reproducible, and accurate. Animal models for TNF-a function 
and for each of the suggested disease targets exist and can be used to 
optimize activity. 

Examples: P 210bfifcabJ 

Chronic myelogenous leukemia exhibits a characteristic disease 
15 course, presenting initially as a chronic granulocytic hyperplasia, and 
invariably evolving into an acute leukemia which is caused by the clonal 
expansion of a cell with a less differentiated phenotype (L&, the blast crisis 
stage of the disease). CML is an unstable disease which ultimately 
progresses to a terminal stage which resembles acute leukemia. This 
20 lethal disease affects approximately 16,000 patients a year. 
Chemotherapeutic agents such as hydroxyurea or busulfan can reduce the 
leukemic burden but do not impact the life expectancy of the patient Ue.a. 
approximately 4 years). Consequently, CML patients are candidates for 
bone marrow transplantation (BMT) therapy. However, for those patients 
25 which survive BMT, disease recurrence remains a major obstacle 
(Apperley et a!., 1988 Br. J. Haematol. 69, 239). 

The Philadelphia (Ph) chromosome which results from the 
translocation of the abl oncogene from chromosome 9 to the bcr gene on 
chromosome 22 is found in greater than 95% of CML patients and in 10- 

30 25% of all cases of acute lymphoblastic leukemia ((ALL); Fourth 
International Workshop on Chromosomes ir, Leukemia 1982, Cancer 
Genet, Cvtoqenet, 11, 316]. In virtually all Ph-positive CMLs and 
approximately 50% of the Ph-positive ALLs, the leukemic cells express bcr- 
abl fusion mRNAs in which exon 2 (b2-a2 junction) or exon 3 (b3-a2 

35 junction) from the major breakpoint cluster region of the bcr gene is spliced 
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to exon 2 of the abl gene. Heisterkamp et al., 1985 Nature 315, 758; 
Shtivelman et al., 1987, Blood 69, 971). In the remaining cases of Ph- 
positive ALL, the first exon of the bcr gene is spliced to exon 2 of the abl 
gene (Hooberman et ai., 1989 Proc. Nat. A cad. Sri iir^ 86, 4259; 
5 Heisterkamp et al.. 1988 Nucleic Acids Res. 16,10069). 

The b3-a2 and b2-a2 fusion mRNAs encode 210 kd bcr-abl fusion 
proteins which exhibit oncogenic activity (Daley et al., 1990 Science 247, 
824; Heisterkamp et al., 1990 Nature 344, 251). The importance of the bcr- 
abl fusion protein (p210^ cr - a ^ in the evolution and maintenance of the 
10 leukemic phenotype in human disease has been demonstrated using 
antisense oligonucleotide inhibition of p2W bcr ' abl expression. These 
inhibitory molecules have been shown to inhibit the in yjjxfi proliferation of 
leukemic cells in bone marrow from CML patients. Szczylik et al., 1991 
Science 253, 562). 

Reddy, U.S. Patent 5,246,921 (hereby incorporated by reference 
herein) describes use of ribozymes as therapeutic agents for leukemias, 
such as chronic myelogenous leukemia (CML) by targeting the specific 
junction region of bcr-abl fusion transcripts. It indicates causing cleavage 
by a ribozyme at or near the breakpoint of such a hybrid chromosome, 
specifically it includes cleavage at the sequence GUX, where X is A, U or 
G. The one example presented is to cleave the sequence 5' AGC AG 
AGUU (cleavage site) CAA AAGCCCU-3'. 

Scanlon WO 91/18625, WO 91/18624, and WO 91/18913 and 
Snyder et al.. WO93/03141 and W094/13793 describe a ribozyme effective 
25 to cleave oncogenic variants of H-ras RNA. This ribozyme is said to inhibit 
H-ras expression in response to external stimuli. 

The invention features use of ribozymes to inhibit the development or 
expression of a transformed phenotype in man and other animals by 
modulating expression of a gene that contributes to the expression of CML. 
30 Cleavage of targeted mRNAs expressed in pre-neoplastic and transformed 
cells elicits inhibition of the transformed state. 

The invention can be used to treat cancer or pre-neoplastic 
conditions. Two preferred administration protocols can be used, either in 
vivo, administration to reduce the tumor burden, or ex vivo treatment to 
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eradicate transformed cells from tissues such as bone marrow prior to 
reimplantation. 

This inv ntion features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of 
5 CML The mRNA targets are present in the 425 nucleotides surrounding 
the fusion sites of the bcr and abl sequences in the b2-a2 and b3-a2 
recombinant mRNAs. Other sequences in the 5' portion of the bcr mRNA or 
the 3' portion of the afc/mRNA may also be targeted for ribozyme cleavage. 
Cleavage at any of these sites in the fusion mRNA molecules will result in 
1 0 inhibition of translation of the fusion protein in treated cells. 

The invention provides a class of chemical cleaving agents which 
exhibit a high degree of specificity for the mRNA causative of CML Such 
enzymatic RNA molecules can be delivered exogenously or endogenously 
to afflicted cells. In the preferred hammerhead motif the small size (less 
1 5 than 40 nucleotides, preferably between 32 and 36 nucleotides in length) 
of the molecule allows the cost of treatment to be reduced. 

The smallest ribozyme delivered for any type of treatment reported to 
date (by Ro?gi 9t 1992 supral is an in yjUs transcript having a length of 
142 nucleotides. Synthesis of ribozymes greater than 100 nucleotides in 

20 length is very difficult using automated methods, and the therapeutic cost of 
such molecules is prohibitive. Delivery of ribozymes by expression vectors 
is primarily feasible using only ax mo, treatments. This limits the utility of 
this approach. In this invention, an alternative approach uses smaller 
ribozyme motifs and exogenous delivery. The simple structure of these 

25 molecules also increases the ability of the ribozyme to invade targeted 
regions of the mRNA structure. Thus, unlike the situation when the 
hammerhead structure is included within longer transcripts, there are no 
non-ribozyme flanking sequences to interfere with correct folding of the 
ribozyme structure, as well as complementary binding of the ribozyme to 

30 the mRNA target. 

- The enzymatic RNA molecules of this invention can be used to treat 
human CML or precancerous conditions. Affected animals can be treated 
at the time of cancer detection or in a prophylactic manner. This timing of 
treatment will reduce the number of affected cells and disable cellular 
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replication. This is possible because the ribozymes are designed to 
disable those structures required for successful cellular proliferation. 

Ribozymes of this invention block to some extent p210 ocr ~ ab l 
expression and can be used to treat disease or diagnose such disease. 
Ribozymes will be delivered to cells in culture and to tissues in animal 
models of CML. Ribozyme cleavage of bcr/abl mRNA in these systems 
may prevent or alleviate disease symptoms or conditions. 

The sequence of human bcr/abl mRNA can be screened for 
accessible sites using a computer folding algorithm. Regions of the mRNA 
that did not form secondary folding structures and that contain potential 
hammerhead or hairpin ribozyme cleavage sites can be identified. These 
sites are shown in Table 29 (All sequences are 5' to 3' in the tables). The 
nucleotide base position is noted in the Tables as that site to be cleaved by 
the designated type of ribozyme. 

The sequences of the chemically synthesized ribozymes most useful 
in this study are shown in Table 30. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 
hammerhead ribozymes listed in Table 30 (5'-GGCCGAAAGGCC-3') can 
be altered (substitution, deletion, and/or insertion) to contain any sequence 
provided, a minimum of two base-paired stem structure can form. The 
sequences listed in Tables 30 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

By engineering ribozyme motifs we have designed several ribozymes 
directed against bcr-abl mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance as described 
above. These ribozymes cleave bcr-abl target sequences in vitro. 

The ribozymes are tested for function in vivo by exogenous delivery to 
cells expressing bcr-abl. Ribozymes are delivered by incorporation into 
liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA vectors. Expression of bcr-abl is monitored by 
ELISA, by indirect immunofluoresence, and/or by FACS analysis. Levels of 
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bcr-abl mRNA are assessed by Northern analysis, RNase protection, by 
primer extension analysis or by quantitative RT-PCR techniques. 
Ribozymes that block the induction of P 210 6cr * a ^ protein and mRNA by 
more than 20% are identified. 

5 Example 6: RSV 

This invention relates to the use of ribozymes as inhibitors of 
respiratory syncytial virus (RSV) production, and in particular, the inhibition 
of RSV replication. 

RSV is a member of the virus family paramyxoviridae and is classified 
1 0 under the genus Pneumovirus (for a review see Mcintosh and Chanock, 
1990 in Virology ed. B.N. Fields, pp. 1045, Raven Press Ltd. NY). The 
infectious virus particle is composed of a nucleocapsid enclosed within an 
envelope. The nucleocapsid is composed of a linear negative single- 
stranded non-segmented RNA associated with repeating subunits of 
1 5 capsid proteins to form a compact structure and thereby protect the RNA 
from nuclease degradation. The entire nucleocapsid is enclosed by the 
envelope. The size of the virus particle ranges from 150 -300 nm in 
diameter. The complete life cycle of RSV takes place in the cytoplasm of 
infected cells and the nucleocapsid never reaches the nuclear 
20 compartment (Hall, 1990 in Principles and Practice of Infectious Diseases 
ed. Mandell et al., Churchill Livingstone, NY). 

The RSV genome encodes ten viral proteins essential for viral 
production. RSV protein products include two structural glycoproteins (G 
and F) found in the envelope spikes, two matrix proteins [M and M2 (22K)] 

25 found in the inner membrane, three proteins localized in the nucleocapsid 
(N, P and L), one protein that is present on the surface of the infected cell 
(SH), and two nonstructural proteins [NS1 (1C) and NS2 (1B)] found only 
in the infected cell. The mRNAs for the 10 RSV proteins have similar 5" 
and 3' ends. UV-inactivation studies suggest that a single promoter is used 

30 with multiple transcription initiation sites (Bank et al., 1992 J. Virol. 66, 
681-3), The order of transcription corresponding to the protein assignment 
on the genomic RNA is 1C, 1B, N, P, M, SH, G, F, 22K and L genes (Huang 
et al., 1985 Virus Res. 2, 157) and transcript abundance corresponds to 
the order of gene assignment (for example the 1C and 1B mRNAs are 

35 much more abundant than the L mRNA. Synthesis of viral message begins 
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immediately after RSV infection of cells and reaches a maximum at 14 
hours post-infection (Mcintosh and Chanock, supra). 

There are two antigenic subgroups of RSV, A and B, which can 
circulate simultaneously in the community in varying proportions in different 
years (Mcintosh and Chanock, supra). Subgroup A usually predominates 
Within the two subgroups there are numerous strains. By the limited 
sequence analysis available it seems that homology at the nucleotide level 
is more complete within than between subgroups, although sequence 
divergence has been noted within subgroups as well. Antigenic 
determinates result primarily from both surface glycoproteins, F and G. For 
F, at least half of the neutralization epitopes have been stably maintained 
over a period of 30 years. For G however, A and B subgroups may be 
related antigenically by as little as a few percent. On the nucleotide level 
however, the majority of the divergence in the coding region of G is found 
in the sequence for the extracellular domain (Johnson et al., 1987 Proc 
Natl. Acad. Sd. USA 84, 5625). 

Respiratory Syncytial Virus (RSV) is the major cause of lower 
respiratory tract illness during infancy and childhood (Hall, supra) and as 
such is associated with an estimated 90,000 hospitalizations and 4500 
deaths in the United States alone (Update: respiratory syncytial virus 
activity - United States, 1993, Mmwr Morb Mortal Wkly Rep, 42 971) 
Infection with RSV generally outranks all other microbial agents' leading to 
both pneumonia and bronchitis. While primarily affecting children under 
two years of age, immunity is not complete and reinfection of older children 
and adults, especially hospital care givers (Mcintosh and Chanock, supra), 
is not uncommon. Immunocompromised patients are severely affected and 
RSV infection is a major complication for patients undergoing bone marrow 
transplantation . 

Uneventful RSV respiratory disease resembles a common cold and 
recovery is in 7 to 12 days. Initial symptoms (rhinorrhea, nasal congestion 
slight fever, etc.) are followed in 1 to 3 days by lower respiratory tract signs 
of infection that include a cough and wheezing. In severe cases, these 
mild symptoms quickly progress to tachypnea, cyanosis, and listlessness 
and hospitalization is required. In infants with underlying cardiac or 
respiratory disease, the progression of symptoms is especially rapid and 
can lead to respiratory failure by the second or third day of illness. With 
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modem intensive care however, overall mortality is usually less than 5% of 
hospitalized patients (Mcintosh and Chanock, supra). 

At present, neither an efficient vaccine nor a specific antiviral agent is 
available. An immune response to the viral surface glycoproteins can 
5 provide resistance to RSV in a number of experimental animals, and a 
subunit vaccine has been shown to be effective for up to 6 months in 
children previously hospitalized with an RSV infection (Tristam etal., 1993, 
J. Infect. Dis. 167, 191). An attenuated bovine RSV vaccine has also been 
shown to be effective in calves for a similar length of time (Kubota et a/. t 
1 0 1992 J. Vet. Med. Sci. 54, 957). Previously however, a formalin-inactivated 
RSV vaccine was implicated in greater frequency of severe disease in 
subsequent natural infections with RSV (Connors et a/., 1992 J. Virol. 66, 
7444). 

The current treatment for RSV infection requiring hospitalization is the 

1 5 use of aerosolized ribavirin, a guanosine analog [Antiviral Agents and Viral 
Diseases of Man, 3rd edition. 1990. (eds. GJ. Galasso, R.J. Whitley, and 
T.C. Merigan) Raven Press Ltd. t NY.]. Ribavirin therapy is associated with 
a decrease in the severity of the symptoms, improved arterial oxygen and a 
decrease in the amount of viral shedding at the end of the treatment 

20 period. It is not certain, however, whether ribavirin therapy actually 
shortens the patients' hospital stay or diminishes the need for supportive 
therapies (Mcintosh and Chanock, supra). The benefits of ribavirin therapy 
are especially clear for high risk infants, those with the most serious 
symptoms or for patients with underlying bronchopulmonary or cardiac 

25 disease. Inhibition of the viral polymerase complex is supported as the 
main mechanism for inhibition of RSV by ribavirin, since viral but not 
cellular polypeptide synthesis is inhibited by ribavirin in RSV-infected cells 
(Antiviral Agents and Viral Diseases of Man, 3rd edition. 1990. (eds. GJ. 
Galasso, R.J. Whitley, and T.C. Merigan) Raven Press Ltd., NY]. Since 

30 ribavirin is at least partially effective against RSV infection when delivered 
by aerosolization, it can be assumed that the target cells are at or near the 
epithelial surface. In this regard, RSV antigen had not spread any deeper 
than the superficial layers of the respiratory epithelium in autopsy studies of 
fatal pneumonia (Mcintosh and Chanock, supra). 

35 Jennings et a/., WO 94/13688 indicates that targets for specific types 

of ribozymes include respiratory syncytical virus. 
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The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting production of respiratory syncytial 
virus (RSV). Such ribozymes can be used in a method for treatment of 
diseases caused by these related viruses in man and other animals. The 
5 invention also features cleavage of the genomic RNA and mRNA of these 
viruses by use of ribozymes. In particular, the ribozyme molecules 
described are targeted to the NS1 (1C), NS2 (1B) and N viral genes. 
These genes are known in the art (for a review see Mcintosh and Chanock, 
1990 supra). 

1 0 Ribozymes that cleave the specified sites in RSV mRNAs represent a 

novel therapeutic approach to respiratory disorders. Applicant indicates 
that ribozymes are able to inhibit the activity of RSV and that the catalytic 
activity of the ribozymes is required for their inhibitory effect. Those of 
ordinary skill in the art, will find that it is clear from the examples described 

15 that other ribozymes that cleave these sites in RSV mRNAs encoding 1C, 
1 B and N proteins may be readily designed and are within the invention. 
Also, those of ordinary skill in the. art, will find that it is clear from the 
examples described that ribozymes cleaving other mRNAs encoded by 
RSV (P, M, SH, G, F, 22K and L) and the genomic RNA may be readily 

20 designed and are within the invention. 

In preferred embodiments, the ribozymes have binding amis which 
are complementary to the sequences in Tables 31, 33, 35, 37 and 38. 
Examples of such ribozymes are shown in Tables 32, 34, 36-38. Examples 
of such ribozymes consist essentially of sequences defined in these 
25 Tables. By "consists essentially of is meant that the active ribozyme 
contains an enzymatic center equivalent to those in the examples, and 
binding arms able to bind mRNA such that cleavage at the target site 
occurs. Other sequences may be present which do not interfere with such 
cleavage. 

30 Ribozymes of this invention block to some extent RSV production and 

can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
respiratory disorders. Ribozyme cleavage of RSV encoded mRNAs or the 
genomic RNA in these systems may alleviat disease symptoms. 
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While all ten RSV encoded proteins (1C, 1B, N, P, M, SH, 22K, F, G, 
and L) are essential for viral life cycle and are all potential' targets for 
ribozyme cleavage, certain proteins (mRNAs) are more favorable for 
ribozyme targeting than the others. For example RSV encoded proteins 1C, 
5 1B, SH and 22K are not found in other members of the family 
paramyxoviridae and appear to be unique to RSV. In contrast the 
ectodomain of the G protein and the signal sequence of the F protein show 
significant sequence divergence at the nucleotide level among various 
RSV sub-groups (Johnson etal., 1987 supra)., RSV proteins 1C, 1B and N 
1 0 are highly conserved among various subtypes at both the nucleotide and 
amino acid levels. Also, 1C, 1B and N are the most abundant of all RSV 
proteins. 

The sequence of human RSV mRNAs encoding 1C, 1B and N 
proteins are screened for accessible sites using a computer folding 
15 algorithm. Hammerhead or hairpin ribozyme cleavage sites were 
identified. These sites are shown in Tables 31, 33, 34, 37 and 38 (All 
sequences are 5' to 3' in the tables.) The nucleotide base position is 
noted in the Tables as that site to be cleaved by the designated type of 
ribozyme. 

20 Ribozymes of the hammerhead or hairpin motif are designed to 

anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences described above. The 
ribozymes are chemically synthesized. The method of synthesis used 
follows the procedure for normal RNA synthesis as described in Usman et 

25 a/., 1987 J. Am. Chem. Soc, 109, 7845-7854 and in Scaringe et al., 1990 
Nucleic Acids Res., 18. 5433-5441 and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, and 
phosphoramidites at the 3'-end. The average stepwise coupling yields 
were >98%. Inactive ribozymes were synthesized by substituting a U for 

30 G5 and a U for A14 (numbering from Hertel et al., 1992 Nucleic Acids Res., 
20, 3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Hairpin ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

35 Uhlenbeck, 1989, Methods Enzymol. 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
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groups, for example, ^-amino, 2'-C-aIlyl, 2*-flouro, 2'-o-methyl, 2'-H (for a 
review see Usman and Cedergren, 1992 TIBS 17, 34). Ribozymes are 
purified by gel electrophoresis using general methods or are purified by 
high pressure liquid chromatography and are resuspended in water. 

5 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 32 f 34, 36, 37 and 38. Those in the art will 
recognize that these sequences are representative only of many more such 
sequences where the enzymatic portion of the ribozyme (all but the binding 
arms) is altered to affect activity. For example, stem-loop II sequence of 

1 0 hammerhead ribozymes listed in Tables 32 and 34(5'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion, and/or insertion) to contain any 
sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 37 and 38 (5'-CACGUUGUG-3') can be altered (substitution, 

1 5 deletion, and/or insertion) to contain any sequence, provided a minimum of 
two base-paired stem structure can form. The sequences listed in Tables 
32, 34, 36, 37 and 38 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 By engineering ribozyme motifs we have designed several ribozymes 

directed against RSV encoded mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave target sequences in vitro is evaluated. 

Numerous, common cell lines can be infected with RSV for 
25 experimental purposes. These include HeLa, Vera and several primary 
epithelial cell lines. A cotton rat animal model of experimental human RSV 
infection is also available, and the bovine RSV is quite homologous to the 
human viruses. Rapid clinical diagnosis is through the use of kits designed 
for the immunofluorescence staining of RSV-infected cells or an ELISA 
30 assay, both of which are adaptable for experimental study. RSV encoded 
mRNA levels will be assessed by Northern analysis, RNAse protection, 
primer extension analysis or quantitative RT-PCR. Ribozymes that block 
the induction of RSV activity and/or 1C, 1B and N protein encoding 
mRNAs by more than 90% will be identified. 
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Optimizing Ribozvme Activity 

Ribozyme activity can be optimized as described by Draper et al M PCT 
W093/23569. The details will not b repeated here, but include altering 
the length of the ribozyme binding arms or chemically synthesizing 
5 ribozymes with modifications that prevent their degradation by serum 
ribonucleases (see e.g., Eckstein et a/ M International Publication No. 
WO 92/07065; Perrault et al. t 1990 IsJatUIfi 344, 565; Pieken et al., 1991 
Science 253, 314; Usman and Cedergren, 1992 Trends in Biochem. Sci. 
17, 334; Usman et al., International Publication No. WO 93/15187; and 

10 Rossi et al. t International Publication No. WO 91/03162, as well as 
Jennings et a/., WO 94/13688, which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. All these publications are hereby incorporated by reference 
herein.), modifications which enhance their efficacy in cells, and removal of 

15 stem II bases to shorten RNA synthesis times and reduce chemical 
requirements. 

Sullivan, et al. t PCT WO94/02595, incorporated by reference herein, 
describes the general methods for delivery of enzymatic RNA molecules . 
Ribozymes may be administered to cells by a variety of methods known to 

20 those familiar to the art, including, but not restricted to, encapsulation in 
liposomes, by iontophoresis, or by incorporation into other vehicles, such 
as hydrogels, cyclodextrins, biodegradable nanocapsules, and 
bioadhesive microspheres. The RNA/vehicle combination is locally 
delivered by direct injection or by use of a catheter, infusion pump or stent. 

25 Alternative routes of delivery include, but are not limited to, intravenous 
injection, intramuscular injection, subcutaneous injection, aerosol 
inhalation, oral (tablet or pill form), topical, systemic, ocular, intraperitoneal 
and/or intrathecal delivery. More detailed descriptions of ribozyme delivery 
and administration are provided in Sullivan, et al., supra and Draper, et al., 

30 supra which have been incorporated by reference herein. 

Another means of accumulating high concentrations of a ribozyme(s) 
within cells is to incorporate the ribozyme-encoding sequences into a DNA 
expression vector. Transcription of the ribozyme sequences are driven 
from a promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II 
35 (pol II), or RNA polymerase III (pol III). Transcripts from pol II or pol III 
promoters will be expressed at high levels in all cells; the levels of a given 
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pol II promoter in a given cell type will depend on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. 
Prokaryotic RNA polymerase promoters are also used, providing that the 
prokaryotic RNA polymerase enzyme is expressed in the appropriate cells 
5 (Elroy-Stein and Moss, 1990 Proc. Natl. Arari if ff ^ 87( 6743 . 7 . Qao 
and Huang 1993 Nucleic Acids Ras 21, 2867-72; Lieber et al., 1993 
Methods Enzymol., 217, 47-66; Zhou et al., 1990 Mol. Cell. Rim 10, 4529- 
37). Several investigators have demonstrated that ribozymes expressed 
from such promoters can function in mammalian cells (e.g. Kashani-Sabet 

10 etal., 1992 Antisense Ras. Day 2,3-15; Ojwang etal.. 1992 Proc. Natl. 
Acad, Sci, USA, 89, 10802-6; Chen et al., 1992 Nucleic Ariris 20, 
4581-9; Yu et al., 1993 Proc. Natl. Acad. Sci. U fi A 90, 6340-4; L'Huillier 
et al., 1992 EMEQjL 11, 4411-8; Usziewicz et al., 1993 Proc. Natl. Arari 
Sci, U, S, A„ 90, 8000-4). The above ribozyme transcription units can be 

1 5 incorporated into a variety of vectors for introduction into mammalian cells, 
including but not restricted to, plasmid DNA vectors, viral DNA vectors 
(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral, or alpha virus vectors). 

In a preferred embodiment of the invention, a transcription unit 
20 expressing a ribozyme that cleaves target RNA is inserted into a plasmid 
DNA vector, a retrovirus DNA viral vector, an adenovirus DNA viral vector 
or an adeno-associated virus vector or alpha virus vector. These and other 
vectors have been used to transfer genes to live animals (for a review see 
Friedman, 1989 SS13DSS. 244, 1275-1281; Roemer and Friedman, 1992 
25 Eur, J, BiQchem, 208, 211-225) and leads to transient or stable gene 
expression. The vectors are delivered as recombinant viral particles. DNA 
may be delivered alone or complexed with vehicles (as described for RNA 
above). The DNA, DNA/vehicle complexes, or the recombinant virus 
particles are locally administered to the site of treatment, e.g., through the 
30 use of a catheter, stent or infusion pump. 

Diagnostic usas 

Ribozymes of this invention may be used as diagnostic tools to 
examine genetic drift and mutations within diseased cells. The close 
relationship between ribozyme activity and the structure of the target RNA 
35 allows the detection of mutations in any region of the molecule which alters 
the base-pairing and three-dimensional structure of the target RNA. By 
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using multiple ribozymes described in this invention, one may map 
nucleotide changes which are important to RNA structure and function in 
vitro, as well as in ceils and tissues. Cleavage of target RNAs with 
ribozymes may be used to inhibit gene expression and define the role 
5 (essentially) of specified gene products in the progression of disease. In 
this manner, other genetic targets may be defined as important mediators 
of the disease. These experiments will lead to better treatment of the 
disease progression by affording the possibility of combinational therapies 
(e.g.. multiple ribozymes targeted to different genes, ribozymes coupled 

10 with known small molecule inhibitors, or intermittent treatment with 
combinations of ribozymes and/or other chemical or biological molecules). 
Other in yjjiQ uses of ribozymes of this invention are well known in the art, 
and include detection of the presence of mRNA associated with ICAM-1, 
relA, TNF-ct, p210, bcr-abl or rsv related condition. Such RNA is detected 

1 5 by determining the presence of a cleavage product after treatment with a 
ribozyme using standard methodology. 

In a specific example, ribozymes which can cleave only wild-type or 
mutant forms of the target RNA are used for the assay. The first ribozyme is 
used to identify wild-type RNA present in the sample and the second 

20 ribozyme will be used to identify mutant RNA in the sample. As reaction 
controls, synthetic substrates of both wild-type and mutant RNA will be 
cleaved by both ribozymes to demonstrate the relative ribozyme 
efficiencies in the reactions and the absence of cleavage of the "non- 
targeted" RNA species. The cleavage products from the synthetic 

25 substrates will also serve to generate size markers for the analysis of wild- 
type and mutant RNAs in the sample population. Thus each analysis will 
require two ribozymes, two substrates and one unknown sample which will 
be combined into six reactions. The presence of cleavage products will be 
determined using an RNAse protection assay so that full-length and 

30 cleavage fragments of each RNA can be analyzed in one lane of a 
polyacrylamide gel. It is not absolutely required to quantify the results to 
gain insight into the expression of mutant RNAs and putative risk of the 
desired phenotypic changes in target cells. The expression of mRNA 
whose protein product is implicated in the development of the phenotype 

35 (i.e., ICAM-1, rel A, TNF«, P 2lobcr-abl or RSV) is adequate to establish 
risk. If probes of comparable specific activity are used for both transcripts, 
then a qualitative comparison of RNA levels will be adequate and will 
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decrease the cost of the initial diagnosis. Higher mutant form to wild-type 
ratios will be correlated with higher risk whether RNA levels are compared 
qualitatively or quantitatively. 

II. Chemical Synthesis nf Rlbozymas 

5 There follows the chemical synthesis, deprotection, and purification of 

RNA, enzymatic RNA or modified RNA molecules in greater than milligram 
quantities with high biological activity. Applicant has determined that the 
synthesis of enzymatically active RNA in high yield and quantity is 
dependent upon certain critical steps used during its preparation. 

10 Specifically, it is important that the RNA phosphoramidites are coupled 
efficiently in terms of both yield and time, that correct exocyclic amino 
protecting groups be used, that the appropriate conditions for the removal 
of the exocyclic amino protecting groups and the alkylsilyl protecting 
groups on the 2'-hydroxyl are used, and that the correct work-up and 

1 5 purification procedure of the resulting ribozyme be used. 

To obtain a correct synthesis in terms of yield and biological activity of 
a large RNA molecule (i.e., about 30 to 40 nucleotide bases), the protection 
of the amino functions of the bases requires either amide or substituted 
amide protecting groups, which must be, on the one hand, stable enough 

20 to survive the conditions of synthesis, and on the other hand, removable at 
the end of the synthesis. These requirements are met by the amide 
protecting groups shown in Figure 8, in particular, benzoyl for adenosine, 
isobutyryl or benzoyl for cytidine, and isobutyryl for guanosine, which may 
be removed at the end of the synthesis by incubating the RNA in NH^EtOH 

25 (ethanolic ammonia) for 20 h at 65 °C. In the case of the phenoxyacetyl 
type protecting groups shown in Figure 8 on guanosine and adenosine 
and acetyl protecting groups on cytidine, an incubation in ethanolic 
ammonia for 4 h at 65 °C is used to obtain complete removal of these 
protecting groups. Removal of the alkylsilyl 2'-hydroxyl protecting groups 

30 can be accomplished using a tetrahydrofuran solution of TBAF at room 
temperature for 8-24 h. 

The most quantitative procedure for recovering the fully deprotected 
RNA molecule is by either ethanol precipitation, or an anion exchange 
cartridge desalting, as described in Scaringe et al. Nucleic Acids Res. 
35 1990, 18, 5433-5341. The purification of the long RNA sequences may be 
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accomplished by a two-step chromatographic procedur in which the 
molecule is first purified on a reverse phase column with either the trityl 
group at the 5" position on or off. This purification is accomplished using an 
acetonitrile gradient with triethylammonium or bicarbonate salts as the 
5 aqueous phase. In the case of the trityl on purification, the trityl group may 
be removed by the addition of an acid and drying of the partially purified 
RNA molecule. The final purification is carried out on an anion exchange 
column, using alkali metal perchlorate salt gradients to elute the fully 
purified RNA molecule as the appropriate metal salts, e.g. Na+, Li+ etc. A 
10 final de-salting step on a small reverse-phase cartridge completes the 
purification procedure. Applicant has found that such a procedure not only 
fails to adversely affect activity of a ribozyme, but may improve its activity to 
cleave target RNA molecules. 

Applicant has also determined that significant (see Tables 39-41) 
1 5 improvements in the yield of desired full length product (FLP) can be 
obtained by: 

1. Using 5-S-alkyltetrazole at a delivered or effective 
concentration of 0.25-0.5 M or 0.15-0.35 M for the activation of the RNA (or 
analogue) amidite during the coupling step. (By delivered is meant that the 

20 actual amount of chemical in the reaction mix is known. This is possible for 
large scale synthesis since the reaction vessel is of size sufficient to allow 
such manipulations. The term effective means that available amount of 
chemical actually provided to the reaction mixture that is able to react with 
the other reagents present in the mixture. Those skilled in the art will 

25 recognize the meaning of these terms from the examples provided herein.) 
The time for this step is shortened from 10-15 m, vide supra, to 5-10 m. 
Alkyl, as used herein, refers to a saturated aliphatic hydrocarbon, including 
straight-chain, branched-chain, and cyclic alkyl groups. Preferably, the 
alkyl group has 1 to 12 carbons. More preferably it is a lower alkyl of from 1 

30 to 7 carbons, more preferably 1 to 4 carbons. The alkyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 or N(CH 3 ) 2 , amino, or SH. 
The term also includes alkenyl groups which are unsaturated hydrocarbon 
groups containing at least one carbon-carbon double bond, including 

35 straight-chain, branched-chain, and cyclic groups. Preferably, the alkenyl 
group has 1 to 12 carbons. More preferably it is a lower alkenyl of from 1 to 
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7 carbons, more preferably 1 to 4 carbons. The alkenyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 , halogen, N(CH 3 ) 2l 
amino, or SH. The term "alkyl" also includes alkynyl groups which have an 
5 unsaturated hydrocarbon group containing at least one carbon-carbon 
triple bond, including straight-chain, branched-chain, and cyclic groups. 
Preferably, the alkynyl group has 1 to 12 carbons. More preferably it is a 
lower alkynyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The 
alkynyl group may be substituted or unsubstituted. When substituted the 
10 substituted group(s) is preferably, hydroxy!, cyano. alkoxy, =0, =S, N0 2 or 
N(CH 3 ) 2 . amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 
aromatic group which has at least one ring having a conjugated n electron 

15 system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to an 
alkyl group (as described above) covalently joined to an aryl group (as 

20 described above. Carbocyclic aryl groups are groups wherein the ring 
atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 

25 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo. pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

30 2 - Usln 9 5-S-alkyltetrazole at an effective, or final, concentration 

of 0. 1 -0.35 rvV for the activation of the RNA (or analogue) amidite during the 
coupling step. The time for this step is shortened from 10-15 m, vide supra, 
to 5-10 m. 



3. Using alkylamine (MA, wher alkyl is preferably methyl, ethyl, 
propyl or butyl) or NH 4 OH/alkylamine (AMA, with the same preferred alkyl 
groups as noted for MA) @ 65 8 C for 10-15 m to remove the exocyclic 
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amino protecting groups (vs 4-20 h @ 55-65 °C using NH 4 OH/EtOH or 
NH3/EtOH, vide supra). Other alkylamines, e.g. ethylamine, propylamine, 
butylamine etc. may also be used. 

4. Using anhydrous triethylamine-hydrogen fluoride (aHF«TEA) 
5 @ 65 °C for 0.5-1.5 h to remove the 2'-hydroxyl alkylsilyl protecting group 

(vs 8 - 24 h using TBAF, vide supra or TEAOHF for 24 h (Gasparutto et ai 
Nucleic Acids Res. 1992, 20, 5159-5166). Other alkylamine*HF 
complexes may also be used, e.g. trimethylamine or diisopropylethylamine. 

5. The use of anion-exchange resins to purify and/or analyze the 
10 fully deprotected RNA. These resins include, but are not limited to, 

quartenary or tertiary amino derivatized stationary phases such as silica or 
polystyrene. Specific examples include Dionex-NAIOO®, Mono-Q®, Poros- 
Q®. 

Thus, the invention features an improved method for the coupling of 
15 RNA phosphoramidites; for the removal of amide or substituted amide 
protecting groups; and for the removal of 2'-hydroxyl alkylsilyl protecting 
groups. Such methods enhance the production of RNA or analogs of the 
type described above (e.g., with substituted 2 , -groups) l and allow efficient 
synthesis of large amounts of such RNA. Such RNA may also have 
20 enzymatic activity and be purified without loss of that activity. While specific 
examples are given herein, those in the art will recognize that equivalent 
chemical reactions can be performed with the alternative chemicals noted 
above, which can be optimized and selected by routine experimentation. 

In another aspect, the invention features an improved method for the 
25 purification or analysis of RNA or enzymatic RNA molecules (e.g. 28-70 
nucleotides in length) by passing said RNA or enzymatic RNA molecule 
over an HPLC, e.g., reverse phase and/or an anion exchange 
chromatography column. The method of purification improves the catalytic 
activity of enzymatic RNAs over the gel purification method (see Figure 10). 

30 ~ Draper et al., PCT W093/23569, incorporated by reference herein, 
disclosed reverse phase HPLC purification. The purification of long RNA 
molecules may be accomplished using anion exchange chromatography, 
particularly in conjunction with alkali perchlorate salts. This system may be 
used to purify very long RNA molecules. In particular, it is advantageous to 
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use a Dionex NucleoPak 100© or a Pharmacia Mono Q® anion exchange 
column for th purification of RNA by the anion exchange method. This 
anion exchange purification may be used following a reverse-phase 
purification or prior to reverse phase purification. This method results in the 
5 formation of a sodium salt of the ribozyme during the chromatography. 
Replacement of the sodium alkali earth salt by other metal salts, e.g., 
lithium, magnesium or calcium perchlorate, yields the corresponding salt of 
the RNA molecule during the purification. 

In the case of the 2-step purification procedure, in which the first step 
10 is a reverse phase purification followed by an anion exchange step, the 
reverse phase purification is best accomplished using polymeric, e.g. 
polystyrene based, reverse-phase media, using either a 5'-trityl-on or 5'- 
trityl-off method. Either molecule may be recovered using this reverse- 
phase method, and then, once detritylated, the two fractions may be pooled 
1 5 and then submitted to an anion exchange purification step as described 
above. 



The method includes passing the enzymatically active RNA 
molecule over a reverse phase HPLC column; the enzymatically active 
RNA molecule is produced in a synthetic chemical method and not by an 
20 enzymatic process; and the enzymatic RNA molecule is partially blocked, 
and the partially blocked enzymatically active RNA molecule is passed 
over a reverse phase HPLC column to separate it from other RNA 
molecules. 

In more preferred embodiments, the enzymatically active RNA 
25 molecule, after passage over the reverse phase HPLC column, is 
deprotected and passed over a second reverse phase HPLC column 
(which may be the same as the reverse phase HPLC column), to remove 
the enzymatic RNA molecule from other components. In addition, the 
column is a silica or organic polymer-based C4, C8 or C18 column having 
30 a porosity of at least 125 A, preferably 300 A, and a particle size of at least 
2 jim, preferably 5 urn. 

Activation 

The synthesis of RNA molecules may be accomplished chemically or 
enzymatically. In the case of chemical synthesis the use of tetrazole as an 
35 activator of RNA phosphoramidites is known (Usman et al. J. Am. Chem. 
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Soc. 1987, 109, 7845-7854). In this, and subsequent reports, a 0.5 M 
solution of tetrazoie is allowed to react with the RNA phosphoramidite and 
couple with the polymer bound S'-hydroxyl group for 10 m. Applicant has 
determined that using 0.25-0.5 M solutions of 5-S-alkyltetrazoles for only 5 
5 min gives equivalent or better results. The following exemplifies the 
procedure. 

Example 7: Synthesis of RNA and Ribozvmes Usino 5-S-Alkvltetrazoles 

as Activating Agent 

The method of synthesis used follows the general procedure for RNA 
10 synthesis as described in Usman et aL, 1987 supra and in Scaringe et al. t 
Nucleic Acids Res. 1990, 18, 5433-5441 and makes use of common 
nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 
5'-end, and phosphoramidites at the 3'-end. The major difference used 
was the activating agent, 5- S- ethyl or -methyitetrazole @ 0.25 M 
1 5 concentration for 5 min. 

All small scale syntheses were conducted on a 394 (ABI) synthesizer 
using a modified 2.5 \imo\ scale protocol with a reduced 5 min coupling 
step for alkylsilyl protected RNA and 2.5 m coupling step for 2'-0- 
methylated RNA. A 6.5-fold excess (162.5 \il of 0.1 M = 32.5 ^imol) of 

20 phosphoramidite and a 40-fold excess of S-ethyl tetrazoie (400 |iL of 0.25 
M = 100 nmol) relative to polymer-bound S'-hydroxyl was used in each 
coupling cycle. Average coupling yields on the 394, determined by 
colorimetric quantitation of the trityl fractions, was 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394: Detritylation solution was 

25 2% TCA in methylene chloride; capping was performed with 16% Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitriie was used directly from the reagent 
bottle. S-Ethyl tetrazoie solution (0.25 M in acetonitriie) was made up from 

30 the solid obtained from Applied Biosystems. 

All large scale syntheses were conducted on a modified (eight amidite 
port capacity) 390Z (ABI) synthesizer using a 25 iimol scale protocol with a 
5-15 min coupling step for alkylsilyl protected RNA and 7.5 m coupling step 
for ^-Omethylated RNA. A six-fold excess (1.5 mL of 0.1 M = 150 nmol) of 
35 phosphoramidite and a forty-five-fold excess of S-ethyl tetrazoie (4.5 mL of 
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0.25 M = 1125 fimol) relative to polymer-bound 5'-hydroxyl was used in 
each coupling cycle. Average coupling yields on the 390Z, determined by 
colorimetric quantitation of the trityl fractions, was 95.0-96.7%. 
Oligonucleotide synthesis reagents for the 390Z: Detritylation solution was 
5 2% DCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25-0.5 M in acetonitrile) was made up 
1 0 from the solid obtained from Applied Biosystems. 

Protection 

The first step of the deprotection of RNA molecules may be 
accomplished by removal of the exocyclic amino protecting groups with 
either NH 4 OH/EtOH:3/1 (Usman etal. J. Am. Chem. Soc. 1987, 109, 7845- 
15 7854) or NH^EtOH (Scaringe etal. Nucleic Acids Res. 1990, 18, 5433- 
5341) for -20 h @ 55-65 °C. Applicant has determined that the use of 
methylamine or NH40H/methylamine for 10-15 min @ 55-65 °C gives 
equivalent or better results. The following exemplifies the procedure. 

Example 8; RNA and Ribozvme Deprotection of Exoevelifi Aming 
20 Protecting Groups Using Methvlamine tMA\ nr KiMj OH/Methvlaminfl fAMA) 

The polymer-bound oligonucleotide, either trityl-on or off, was 
suspended in a solution of methylamine (MA) or NH 4 OH/methylamine 
(AMA) @ 55-65 °C for 5-15 min to remove the exocyclic amino protecting 
groups. The polymer-bound oligoribonucleotide was transferred from the 

25 synthesis column to a 4 mL glass screw top vial. NH4OH and aqueous 
methylamine were pre-mixed in equal volumes. 4 mL of the resulting 
reagent was added to the vial, equilibrated for 5 m at RT and then heated at 
55 or 65 °C for 5-15 min. After cooling to -20 °C, the supernatant was 
removed from the polymer support, the support was washed with 1 .0 mL 

30 of EtOH:MeCN:H20/3:1 :1 , vortexed sjid the supernatant was then added to 
the first supernatant. The combined supernatants, containing th 
oligoribonucleotide, were dried to a white powder. The same procedure 
was followed for the aqueous methylamine reagent. 

Table 40 is a summary of the results obtained using the improvements 
35 outlined in this application for base deprotection. 
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The second step of the deprotection of RNA molecules may be 
accomplished by removal of the 2'-hydroxyl alkylsilyl protecting group 
using TBAF for 8-24 h (Usman et ai J. Am. Chem. Soc. 1987, 109, 7845- 
7854). Applicant has determined that the use of anhydrous TEA^HF in A/- 
5 methylpyrrolidine (NMP) for 0.5-1.5 h @ 55-65 °C gives equivalent or better 
results. The following exemplifies this procedure. 

Example 9: RNA and Ribozvme Deprot ection of 2 , -Hvdroxvl AlkvlsiM 
Protecting Groups Using Anhydrous TEA+HF 

To remove the alkylsilyl protecting groups, the ammonia-deprotected 
10 oligoribonucleotide was resuspended in 250 \il of 1.4 M anhydrous HF 
solution (1.5 mL A/-methyipyrroiidine, 750 \il TEA and 1.0 mL TEAOHF) 
and heated to 65 °C for 1.5 h. 9 mL of 50 mM TEAB was added to quench 
the reaction. The resulting solution was loaded onto a Qiagen 500® anion 
exchange cartridge (Qiagen Inc.) prewashed with 10 mL of 50 mM TEAB. 
1 5 After washing the cartridge with 1 0 mL of 50 mM TEAB, the RNA was eluted 
with 10 mL of 2 M TEAB and dried down to a white powder. 

Table 41 is a summary of the results obtained using the improvements 
outlined in this application for alkylsilyl deprotection. 

Example 10: HPLC Purification. Anion Exchange column 

20 For a small scale synthesis, the crude material was diluted to 5 mL 

with diethylpyrocarbonate treated water. The sample was injected onto 
either a Pharmacia Mono Q® 16/10 or Dionex NucleoPac® column with 
100% buffer A (10 mM NaCI04). A gradient from 180-210 mM NaCI04 at a 
rate of 0.85 mM/void volume for a Pharmacia Mono Q® anion-exchange 

25 column or 100-150 mM NaCI04 at a rate of 1.7 mM/void volume for a 
Dionex NucleoPac® anion-exchange column was used to elute the RNA. 
Fractions were analyzed by a HP-1090 HPLC with a Dionex NucleoPac® 
column. Fractions containing full length product at £80% by peak area 
were pooled. 

30 For a trityl-off large scale synthesis, the crude material was desalted 

by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 
column. The column was thoroughly washed with 10 mM sodium 
perchlorate buffer. The oligonucleotide was eluted from the column with 
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300 mM sodium perchlorate. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material in the synthesis. 
The eluent was diluted four fold in sterile H 2 0 to lower the salt 
concentration and applied to a Pharmacia Mono Q® 16/10 column. A 
5 gradient from 10-185 mM sodium perchlorate was run over 4 column 
volumes to elute shorter sequences, the full length product was then eluted 
in a gradient from 185-214 mM sodium perchlorate in 30 column volumes. 
The fractions of interest were analyzed on a HP-1090 HPLC with a Dionex 
NucleoPac® column. Fractions containing over 85% full length material 
10 were pooled. The pool was applied to a Pharmacia RPC® column for 
desalting. 

For a trityl-on large scale synthesis, the crude material was desalted 
by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 

1 5 column. The column was thoroughly washed with 20 mM NH 4 CO3H/10% 
CH 3 CN buffer. The oligonucleotide was eluted from the column with 1.5 M 
NH 4 CO3H/10% acetonitrile. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material present in the 
synthesis. The oligonucleotide was then applied to a Pharmacia Resource 

20 RPC column. A gradient from 20-55% B (20 mM NH 4 C0 3 H/25% CH 3 CN, 
buffer A = 20 mM NH 4 CO 3 H/10% CH 3 CN) was run over 35 column 
volumes. The fractions of interest were analyzed on a HP-1090 HPLC with 
a Dionex NucleoPac® column. Fractions containing over 60% full length 
material were pooled. The pooled fractions were then submitted to manual 

25 detritylation with 80% acetic acid, dried down immediately, resuspended in 
sterile H2O, dried down and resuspended in H2O again. This material was 
analyzed on a HP 1090-HPLC with a Dionex NucleoPac® column. Th 
material was purified by anion exchange chromatography as in the trityl-off 
scheme {vide supra). 

30 Example 11 Ribozvme Activity Assay 

"Purified 5-end labeled RNA substrates (15-25-mers) and purified 5'- 
end labeled ribozymes (-36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 jiM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
35 concentrations wer - 1 nM. Total reaction volumes were 50 The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCI 2 . Reactions were 
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initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
HL were removed at time points of 1, 5, 15, 30, 60 and 120 m. Each aliquot 
was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
5 performed using a phosphorimager (Molecular Dynamics). 

Example 12: One pot deprotection of RNA 

Applicant has shown that aqueous methyl amine is an efficient 
reagent to deprotect bases in an RNA molecule. However, in a time 
consuming step (2-24 hrs), the RNA sample needs to be dried completely 

1 0 prior to the deprotection of the sugar 2'-hydroxyl groups. Additionally, 
deprotection of RNA synthesized on a large scale (e.g., 100 ^mol) 
becomes challenging since the volume of solid support used is quite large. 
In an attempt to minimize the time required for deprotection and to simplify 
the process of deprotection of RNA synthesized on a large scale, applicant 

15 describes a one pot deprotection protocol (Fig. 12). According to this 
protocol, anhydrous methylamine is used in place of aqueous methyl 
amine. Base deprotection is carried out at 65 °C for 15 min and the 
reaction is allowed to cool for 10 min. Deprotection of 2'-hydroxyl groups is 
then carried out in the same container for 90 min in a TEA*3HF reagent. 

20 The reaction is quenched with 16 mM TEAB solution. 

Referring to Fig. 13. hammerhead ribozyme targeted to site B is 
synthesized using RNA phosphoramadite chemistry and deprotected using 
either a two pot or a one pot protocol. Profiles of these ribozymes on an 
HPLC column are compared. The figure shows that RNAs deprotected by 
25 either the one pot or the two pot protocols yield similar full-length product 
profiles. Applicant has shown that using a one pot deprotection protocol, 
time required for RNA deprotection can be reduced considerably without 
compromising the quality or the yield of full length RNA. 

Referring to Fig. 14. hammerhead ribozymes targeted to site B (from 
30 Fia. 13) are tested for their ability to cleave RNA. As shown in the fioure 14 . 
ribozymes that are deprotected using one pot protocol have catalytic 
activity comparable to ribozymes that are deprotected using a two pot 
protocol. 
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Example 12a*.lmr>roved protocol for the synthe sis of phnsph r ^hin a t a 
containing RNA pnd ripozvmes using 5-S.Alkv^ r azolss as Ac ting 
Agent 

The two sulfurizing reagents that have been used to synthesize 
5 ribophosphorothioates are tetraethylthiuram disulfide (TETD; Vu and 
Hirschbein, 1991 Tetrahedron Letter 31, 3005), and 3H-1,2-benzodithiol-3- 
one 1,1-dioxide (Beaucage reagent; Vu and Hirschbein, 1991 supra) 
TETD requires long sulfurization times (600 seconds for ONA and 3600 
seconds for RNA). It has recently been shown that for sulfurization of DNA 
oligonucleotides, Beaucage reagent is more efficient than TETD 
(Wyrzykiewicz and Ravikumar, 1994 Bloorganic Med. Chem. 4, 1519) 
Beaucage reagent has also been used to synthesize phosphorothioate 
oligonucleotides containing 2'-deoxy-2'-fluoro modifications wherein the 
wait time is 10 min (Kawasaki et al., 1992 J. Med. Chem). 



10 



15 The method of synthesis used follows the procedure for RNA 
synthesis as described herein and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end and 
phosphoramidites at the 3'-end. The sulfurization step for RNA described 
in the literature is a 8 second delivery and 10 min wait steps (Beaucage 

20 and Iyer, 1991 Tetrahedron 49, 6123). These conditions produced about 
95% sulfurization as measured by HPLC analysis (Morvan et al 1990 
Tetrahedron Letters^ 7149). This 5% contaminating oxidation could arise 
from the presence of oxygen dissolved in solvents and/or slow release of 
traces of iodine adsorbed on the inner surface of delivery lines durinq 

25 previous synthesis. 

A major improvement is the use of an activating agent 5-S- 
ethyltetrazole or 5-S-methyltetrazole at a concentration of 0.25 M for's min 
Add.tionally, for those linkages which are phosporothioate, the iodine 
solution is replaced with a 0.05 M solution of 3H-1,2-benzodithiole-3-one 
30 1,1-diox.de (Beaucage reagent) in acetonitrile. The delivery time for the 
sulfunzation step is reduced to 5 seconds and the wait time is reduced to 
300 seconds. 

RNA synthesis is conducted on a 394 (ABI) synthesizer using a 
mod,f.ed 2.5 nmol scale protocol with a reduced 5 min coupling step for 
35 a. k y,s,.yl protected RNA and 2.5 min coupling step for 2'-0-methylated 
RNA. A 6.5-fold excess (162.5 uL of 0.1 M = 32.5 jimol) of phosphoramidite 
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and a 40-fold excess of S-ethyl tetrazoie (400 \iL of 0.25 M = 100 jimol) 
relative to polymer-bound S'-hydroxyl was used in each coupling cycle. 
Average coupling yields on the 394 synthesizer, determined by colorimetric 
quantitation of the trityl fractions, was 97.5-99%. Other oligonucleotide 
5 synthesis reagents for the 394 synthesizer: detritylation solution was 2% 
TCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
1 0 bottle. S-Ethyl tetrazoie solution (0.25 M in acetonitrile) was made up from 
the solid obtained from Applied Biosystems. Sulfurizing reagent was 
obtained from Glen Research. 

Average sulfurization efficiency (ASE) is determined using the 
formula: ASE = (PSyTotal)1'n-1 

1 5 where, PS = integrated 31 P NMR values of the P=S diester 

Total = integration value of all peaks 

n = length of oligo 

Referring to tables 42 and 43, effects of varying the delivery and the 
wait time for sulfurization with Beaucage's reagent is described. These 
20 data suggest that 5 second wait time and 300 second delivery time is the 
condition under which ASE is maximum. 

Using the above conditions a 36 mer hammerhead ribozyme is 
synthesized which is targeted to site C. The ribozyme is synthesized to 
contain phosphorothioate linkages at four positions towards the 5' end. 
25 RNA cleavage activity of this ribozyme is shown in Fig. 16 . Activity of the 
phosphorothioate ribozyme is comparable to the activity of a ribozyme 
lacking any phosphorothioate linkages. 

Example 13: Protocol for the s ynthesis of g-N-ohtalimido-nucleoside 
phosbhoramidite 

30 The 2 , -amino group of a 2 , -deoxy-2 , -amino nucleoside is normally 

protected with N-(9-flourenylmethoxycarbonyl) (Fmoc; Imazawa and 
Eckstein, 1979 supra; Pieken et al., 1991 Science 253, 314). This 
protecting group is not stable in CH3CN solution or even in dry form during 
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prolonged storage at -20 <>C. These problems need to be overcome in 
order to achieve large scale synthesis of RNA. 

Applicant describes the use of alternative protecting groups for the 2'- 
amino group of 2'-deoxy-2'-amino nucleoside. Referring to Fioure 17. 
5 phosphoramidite 17 was synthesized starting from 2'-deoxy-2'- 
aminonucleoside (12) using transient protection with Markevich reagent 
(Markiewicz J. Chem. Res. 1979, S, 24). An intermediate 13 was obtained 
in 50% yield, however subsequent introduction of N-phtaloyl (Pht) group by 
Nefken's method (Nefkens. 1960 Nature 185, 306), desilylation (15), 
10 dimethoxytrytilation (16) and phosphitylation led to phosphoramidite 17. 
Since overall yield of this multi-step procedure was low (20%) applicant 
investigated some alternative approaches, concentrating on selective 
introduction of N-phtaloyl group without acylation of 5' and 3* hydroxyls. 

When 2'-deoxy-2*-amino-nucleoside was reacted with 1.05 
15 equivalents of Nefkens reagent in DMF overnight with subsequent 
treatment with Et$N (1 hour) only 10-15% of N and 5'(3')-bis-phtaloyl 
derivatives were formed with the major component being N-Pht-derivative 
15. The N.O-bis by-products could be selectively and quantitiv9ly 
converted to N-Pht derivative 15 by treatment of crude reaction mixture 
20 with cat. KCN/MeOH. 

A convenient "one-pot" procedure for the synthesis of key 
intermediate 16 involves selective N-phthaloylation with subsequent 
dimethoxytrytilation by DMTCI/Et3N and resulting in the preparation of DMT 
derivative 16 in 85% overall yield as follows. Standard phosphytilation of 

25 16 produced phosphoramidite 17 in 87% yield. One gram of 2'-amino 
nucleoside, for example 2'-amino uridine (US Biochemicals® part # 
77140) was co-evaporated twice from dry dimethyl formamide (Dmf) and 
dried iriya£l!0_overnight. 50 mis of Aldrich sure-seal Dmf was added to the 
dry 2'-amino uridine via syringe and the mixture was stirred for 10 minutes 

30 to produce a clear solution. 1.0 grams (1.05 eq.) of N- 
carbethoxyphthalimide (Nefken's reagent, 98% Jannsen Chimica) was 
added and the solution was stirred overnight. Thin layer chromatography 
(TLC) showed 90% conversion to a faster moving products (10% ETOH in 
CHCI3) and 57 \i\ of TEA (0.1 eq.) was added to effect closure of the 

35 phthalimide ring. After 1 hour an additional 855 \il (1.5 eq.) of TEA was 
added followed by the addition of 1.53 grams (1.1 eq.) of DMT-CI 
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(Lancast r Synthesis®, 98%). The reaction mixture was left to stir 
overnight and quenched with ETOH after TLC showed greater than 90% 
desired product. Dmf was removed under vacuum and the mixture was 
washed with sodium bicarbonate solution (5% aq. f 500 mis) and extracted 
5 with ethyl acetate (2x 200 mis). A 25mm x 300mm flash column (75 grams 
Merck flash silica) was used for purification. Compound eluted at 80 to 
85% ethyl acetate in hexanes (yield: 80% purity: >95% by 1 HNMR). 
Phosphoramidites were then prepared using standard protocols described 
above. 

10 With phosphoramidite 17 in hand applicant synthesized several 

ribozymes with ^-deoxy^'-amino modifications. Analysis of the synthesis 
demonstrated coupling efficiency in 97-98% range. RNA cleavage activity 
of ribozymes containing 2 , -deoxy-2'-amino-U modifications at U4 and/or 
U7 positions (see Figure 1), wherein the 2'-amino positions were eith r 

15 protected with Fmoc or Pht, was identical. Additionally, complete 
deprotection of 2 , -deoxy-2 , -amino-Uridine was confirmed by base- 
composition analysis. The coupling efficiency of phosphoramidite 17 was 
not effected over prolonged storage (1-2 months) at low temperatures. 

Protecting 2' Position with a SEM Group 

20 There follows a method using the ^-(trimethylsilyOethoxymethyl 

protecting group (SEM) in the synthesis of oligoribonucleotides, and in 
particular those enzymatic molecules described above. For the synthesis 
of RNA it is important that the 2'-hydroxyl protecting group be stable 
throughout the various steps of the synthesis and base deprotection. At the 

25 same time, this group should also be readily removed when desired. To 
that end the f-butyldimethylsilyl group has been efficacious (Usman,N.; 
Ogilvie.K.K.; Jiang,M.-Y.; Cedergren,RJ. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and Scaringe,SA; Frankiyn.C; Usman.N. Nucl. Acids Res. 
1990, 78, 5433-5441). However, long exposure times to tetra-n- 

30 butylammonium fluoride (TBAF) are generally required to fully remove this 
protecting group from the 2'-hydroxyl. In addition, the bulky alkyl 
substituents can prove to be a hindrance to coupling thereby necessitating 
longer coupling times. Finally, it has been shown that the TBDMS group is 
base labile and is partially deprotected during treatment with ethanolic 

35 ammonia (Scaringe.SA; Franklyn f C; Usman.N. Nucl. Acids Res. 1990, 
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18, 5433-5441 and Stawinski.J.; Stromberg.R.; Thelin.M.; Westman,E. 
Nucleic Acids Res. 1988, 16 % 9285-9298). 

The (trimethylsilyl)ethoxymethyl ether (SEM) seems a suitable 
substitute. This protecting group is stable to base and all but the harsh st 
5 acidic conditions. Therefore it is stable under the conditions required for 
oligonucleotide synthesis. It can be readily introduced and the oxygen 
carbon bond makes it unable to migrate. Finally, the SEM group can be 
removed with BF3»OEt2 very quickly. 

There follows a method for synthesis of RNA by protecting the 2'- 
10 position of a nucleotide during RNA synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. The method can involve use of 
standard RNA synthesis conditions as discussed below, or any other 
equivalent steps. Those in the art are familiar with such steps. The 
nucleotide used can be any normal nucleotide or may be substituted in 
15 various positions by methods well known in the art, e.g., as described by 
Eckstein et a/., International Publication No. WO 92/07065, Perrault et al., 
Nature 1990, 344, 565-568, Pieken et a/ M Science 1991, 253, 314-317, 
Usman,N.; Cedergren.RJ. Trends in Biochem. ScL 1992, 7 7, 334-339, 
Usman et al., PCT W093/15187, and Sproat.B. European Patent 
20 Application 921 10298.4 . 

This invention also features a method for covalently linking a SEM 
group to the ^-position of a nucleotide. The method involves contacting a 
nucleoside with an SEM-containing molecule under SEM bonding 
conditions. In a preferred embodiment, the conditions are dibutyltin oxide, 
25 tetrabutylammonium fluoride and SEM-CI. Those in the art, however, will 
recognize that other equivalent conditions can also be used. 

In another aspect, the invention features a method for removal of an 
SEM group from a nucleoside molecule or an oligonucleotide. The method 
involves contacting the molecule or oligonucleotide with boron trifluoride 
30 etherate (BF3«OEt2) under SEM removing conditions, e.g., in acetonitrile. 

Referring to Figure 18. there is shown the method for solid phase 
synthesis of RNA. A 2\5'-protected nucleotide is contacted with a solid 
phase bound nucleotide under RNA synthesis conditions to form a 
dinucleotide. The protecting group (R) at the 2 , -position in prior art 
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methods can be a silyl ether, as shown in the Figure. In the method of the 
present invention, an SEM group is used in place of the silyl ether. 
Otherwise RNA synthesis can be performed by standard methodology. 

Referring to Fioure 19. there is shown the synthesis of 2-O-SEM 
5 protected nucleosides and phosphoramadites. Briefly, a 5'-protected 
nucleoside (1) is protected at the 2'- or 3'-position by contacting with a 
derivative of SEM under appropriate conditions. Specifically, those 
conditions include contacting the nucleoside with dibutyltin oxide and SEM 
chloride. The 2 regioisomers are separated by chromatography and the 2'- 
10 protected moiety is converted into a phosphoramidite by standard 
procedure. The 3'-protected nucleoside is converted into a succinate 
derivative suitable for derivatization of a solid support. 

Referring to Figure 2Q, a prior art method for deprotection of RNA using silyl 
ethers is shown. This contrasts with the method shown in Figure 21 in 

1 5 which deprotection of RNA containing an SEM group is performed. In step 
1 , the base protecting groups and cyanoethyl groups are removed by 
standard procedure. The SEM group is then removed as shown in the 
Figure. The details of the synthesis of phosphoramidites and SEM 
protected nucleosides and their use in synthesis of oligonucleotides and 

20 subsequent deprotection of 

Example 14: Synthesis of 2'-0-^trimethvlsilyh flthoxvmflthYi).?'.n. n.-. 
methoxvtritvl Uridina m 

Referring to Figure 19. 5'-0-dimethoxytrityl uridine 1 (1.0 g, 1.83 
mmol) in CH3CN (18 mL) was added dibutyltin oxide (1.0 g, 4.03 mmol) 

25 and TBAF (1 M, 2.38 mL, 2.38 mmol). The mixture was stirred for 2 h at RT 
(about 20-25°C) at which time (trimethylsilyl)ethoxymethyl chloride (SEM- 
Cl) (487 jiL, 2.75 mmol) was added. The reaction mixture was stirred 
overnight and then filtered and evaporated. Flash chromatography (30% 
hexanes in ethyl acetate) yielded 347 mg (28.0%) of 2'-hydroxyl protected 

30 nucleoside 2 and 314 mg (25.3%) of 3'-hydroxyl protected nucleoside 3. 

Example 15; Synthesis of 2'-0.mrimethvlsilvnetho xvmethvn UriHin* { &. ) 

Nucleoside 2 was detritylated following standard methods, as shown 
in Fioure 19. 
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Examnle 16r Synthesis of 2'.O.^trim9thvlsilvnethQxymflth Y n.5'.3'-0-AcQtvl 
Uridine (S) 

Nucleoside 4 was acetylated following standard methods, as shown 
in Figure 19 . 

5 Example 17: Synthesis of 5'.3'-0-Acatvl Uridine f6) 

Referring to Figure 19. the fully protected uridine 5 (32 mg, 0.07 
mmol) was dissolved in CH3CN (700 \lL) and BF 3 «OEt2 (17.5 u.L, 0.14 
mmol) was added. The reaction was stirred 15 m and MeOH was added to 
quench the reaction. Flash chromatography (5% MeOH in CH2CI2) gave 
10 20 mg (88%) of SEM deprotected nucleoside 6. 

Example 18: Synthesis of 2 , .O.^trimethvlsiM^thn wmethvn.3'.n. 
Succinvl-5'-Q- Dimethoxytritvl Uridine (V\ 

Nucleoside 3 was succinylated and coupled to the support following 
standard procedures, as shown in Figure 19. 

15 Example 19: Synthesis of 2'-0-tftrime thvlsilynethoxvmethvl^5'.OL nu 
methoxvtritvt Uridine 3'-(2-Cvanoethvl A/Al ditsopropvlphosohoramiditel 
IS) 

Nucleoside 3 was phosphitylated following standard methods, as 
shown in Figure 1 9 . 

20 Example 20: Synthesis of RNA Using 2'. Q-SEM Pretention 

Referring to Figure 18. the method of synthesis used follows the 
general procedure for RNA synthesis as described in Usman.N.; 
Ogilvie,K.K.; Jiang,M.-Y.; Cedergren.R.J. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and in Scaringe.SA; Franklyn.C; Usman.N. Nucl. Acids Res. 

25 1990, 18, 5433-5441. The phosphoramidite 8 was coupled following 
standard RNA methods to provide a 10-mer of uridylic acid. Syntheses 
were conducted on a 394 (ABI) synthesizer using a modified 2.5 nmol 
scale protocol with a 10 m coupling step. A thirteen-fold excess (325 u.L of 
0.1- M = 32.5 nmol) of phosphoramidite and a 80-fold excess of tetrazole 

30 (400 uJ. of 0.5 M = 200 jimol) relative to polymer-bound 5'-hydroxyl was 
used in each coupling cycle. Average coupling yields on the 394, 
determined by colorimetric quantitation of the trityl fractions, were 98-99%. 
Other oligonucleotide synthesis reagents for the 394: Detritylation solution 
was 2% TCA in methylene chloride; capping was performed with 16% N- 
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Methyl imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in 
THF; oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synth sis Grade acetonitrile was used directly from the reagent 
bottle. 

5 Referring to Figure 21 . the homopolymer was base deprotected with 

NH3/EtOH at 65 °C, The solution was decanted and the support was 
washed twice with a solution of 1:1:1 H20:CH3CN:MeOH. The combined 
solutions were dried down and then diluted with CH3CN (1 mL). BF 3 OEt2 
(2.5 pL, 30 \imo\) was added to the solution and aliquots were removed at 
1 0 ten time points. The results indicate that after 30 min deprotection is 
complete, as shown in Figure 22. 

Hit v*<?tprs ^pressing RjbQ^ymw 

There follows a method for expression of a ribozyme in a bacterial or 
eucaryotic cell, and for production of large amounts of such a ribozyme. In 

1 5 general, the invention features a method for preparing multi-copy cassettes 
encoding a defined ribozyme structure for production of a ribozyme at a 
decreased cost. A vector is produced which encodes a plurality of 
ribozymes which are cleaved at their 3' and 5 1 ends from an RNA transcript 
producted from the vector by only one other ribozyme. The system is useful 

20 for scaling up production of a ribozyme, which may be either modified or 
unmodified, in situ or in vitro. Such vector systems can be used to express 
a desired ribozyme in a specific cell, or can be used in an in vitro system to 
allow production of large amounts of a desired riboqyne, The vectors of 
this invention allow a higher yield synthesis of a ribozyme in the form of an 

25 RNA transcript which is cleaved in situ or in vitro before or after transcript 
isolation. 

Thus, this invention is distinct from the prior art in that a single 
ribozyme is used to process the 3' and 5' ends of each therapeutic, trans- 
acting or desired ribozyme instead of processing only one end, or only one 
30 ribozyme. This allows smaller vectors to be derived with multiple trans- 
acting ribozymes released by only one other ribozyme from the mRNA 
transcript. Applicant has also provided methods by which the activity of 
such ribozymes is increased compared to those in the art, by designing 
ribozyme-encoding vectors and the corresponding transcript such that 
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folding of the mRNA does not interfere with processing by the releasing 
ribozyme. 

The stability of the ribozyme produced in this method can be 
enhanced by provision of sequences at the termini of the ribozymes as 
5 described by Draper et al M PCT WO 93/23509, hereby incorporated by 
reference herein. 

The method of this invention is advantageous since it provides high 
yield synthesis of ribozymes by use of low cost transcription-based 
protocols, compared to existing chemical ribozyme synthesis, and can use 
10 isolation techniques currently used to purify chemically synthesized 
oligonucleotides. Thus, the method allows synthesis of ribozymes in high 
yield at low cost for analytical, diagnostic, or therapeutic applications. 

The method is also useful for synthesis of ribozymes in vitro for 
ribozyme structural studies, enzymatic studies, target RNA accessibility 
15 studies, transcription inhibition studies and nuclease protection studies, 
much is described by Draper et ai, PCT WO 93/23509 hereby incorporated 
by reference herein. 

The method can also be used to produce ribozymes in situ either to 
increase the intracellular concentration of a desired therapeutic ribozyme, 
20 or to produce a concatameric transcript for subsequent in vitro isolation of 
unit length ribozyme. The desired ribozyme can be used to inhibit gene 
expression in molecular genetic analyses or in infectious cell systems, and 
to test the efficacy of a therapeutic molecule or treat afflicted cells. 

Thus, in general, the invention features a vector which includes a 
25 bacterial, viral or eucaryotic promoter within a plasmid, cosmid, phagmid, 
virus, viroid, virusoid or phage vector. Other vectors are equally suitable 
and include double-stranded, or partially double-stranded DNA, formed by 
an amplification method such as the polymerase chain reaction, or double- 
stranded, partially double-stranded or single-stranded RNA, formed by site- 
30 directed homologous recombination into viral or viroid RNA genomes. 
Such vectors need not be circular. Transcriptionally linked to the promoter 
region is a first ribozyme-encoding region, and nucleotide sequences 
encoding a ribozyme cleavage sequence which is placed on either side of 
a region encoding a therapeutic or otherwise desired second ribozyme. 
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Suitable restriction endonuclease sites can be provided to ease 
construction of this vector in DNA vectors or in requisite DNA vectors of an 
RNA expression system. The desired second ribozyme may be any 
desired type of ribozyme, such as a hammerhead, hairpin , hepatitis delta 
5 virus (HDV) or other catalytic center, and can include group I and group II 
introns, as discussed above. The first ribozyme is chosen to cleave the 
encoded cleavage sequence, and may also be any desired ribozyme, for 
example, a Tetrahymena derived ribozyme, which may, for example, 
include an imbedded restriction endonuclease site in the center of a self- 
1 0 recognition sequence to aid in vector construction. This endonuclease site 
is useful for construction of the vector, and subsequent analysis of the 
vector. 

When the promoter of such a vector is activated an RNA transcript is 
produced which includes the first and second ribozyme sequences. The 
15 first ribozyme sequence is able to act, under appropriate conditions, to 
cause cleavage at the cleavage sites to release the second ribozyme 
sequences. These second ribozyme sequences can then act at their target 
RNA sites, or can be isolated for later use or analysis. 

Thus, in one aspect the invention features a vector which includes a 
20 first nucleic acid sequence (encoding a first ribozyme having 
intramolecular cleaving activity), and a second nucleic acid sequence 
(encoding a second ribozyme having intermolecular cleaving enzymatic 
activity) flanked by nucleic acid sequences encoding RNA which is cleaved 
by the first ribozyme to release the second ribozyme from the RNA 
25 transcript encoded by the vector. The second ribozyme may be flanked by 
the first ribozyme either on the 5' side or 3* side. If desired, the first 
ribozyme may be encoded on a separate vector and may have 
intermolecular cleaving activity. 

As discussed above, the first ribozyme can be chosen to be any self- 
30 cleaving ribozyme, and the second ribozyme may be chosen to be any 
desired ribozyme. The flanking sequences are chosen to include 
sequences recognized by the first ribozyme. When the vector is caused to 
express RNA from these nucleic acid sequences, that RNA has the ability 
under appropriate conditions to cleave each of the flanking regions and 
35 thereby release one or more copies of th second ribozyme. If desired, 
several different second ribozymes can be produced by the same vector, or 
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several diff rent vectors can be placed in the same vessel or cell to 
produce different ribozymes. 

In preferred embodiments, the vector includes a plurality of the nucleic 
acid sequences encoding the second ribozyme, each flanked by nucleic 
acid sequences recognized by the first ribozyme. Most preferably, such a 
plurality includes at least six to nine or even between 60- 100 nucleic acid 
sequences. In other preferred embodiments, the vector includes a 
promoter which regulates expression of the nucleic acid encoding the 
ribozymes from the vector; and the vector is chosen from a plasmid, 
cosmid, phagmid, virus, viroid or phage. In a most preferred embodiment, 
the plurality of nucleic acid sequences are identical and are arranged in 
sequential order such that each has an identical end nearest to the 
promoter. If desired, a poly(A) sequence adjacent to the sequence 
encoding the first or second ribozyme may be provided to increase stability 
of the RNA produced by the vector; and a restriction endonuclease site 
adjacent to the nucleic acid encoding the first ribozyme is provided to allow 
insertion of nucleic acid encoding the second ribozyme during construction 
of the vector. 

In a second aspect, the invention features a method for formation of a 
ribozyme expression vector by providing a vector including nucleic acid 
encoding a first ribozyme, as discussed above, and providing a single- 
stranded DNA encoding a second ribozyme, as discussed above. The 
single-stranded DNA is then allowed to anneal to form a partial duplex 
DNA which can be filled in by a treatment with an appropriate enzyme, 
such as a DNA polymerase in the presence of dNTPs, to form a duplex 
DNA which can then be ligated to the vector. Large vectors resulting from 
this method can then be selected to insure that a high copy number of the 
single-stranded DNA encoding the second ribozyme is incorporated into 
the vector. 

In a further aspect, the invention features a method for production of 
ribozymes by providing a vector as described above, expressing RNA from 
that vector, and allowing cleavage by the first ribozyme to release the 
second ribozyme. 

In preferred mbodiments, three different ribozym motifs are used as 
cis-cleaving ribozymes. The hammerhead, hairpin, and hepatitis delta 
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virus (HDV) ribozyme motifs consist of small, well-defined s quences that 
rapidly self-cleave in vitro (Symons, 1992 Annu. Rev Biochem. 61, 641). 
While structural and functional differences exist among the three ribozyme 
motifs, they self-process efficiently in vivo. All three ribozyme motifs s If- 
5 process to 87-95% completion in the absence of 3' flanking sequences. In 
vitro, the self-processing constructs described in this invention are 
significantly more active than those reported by Taira et al., 1990 supra : 
and Altschuler et al., 1992 Gene 122, 85. The present invention enables 
the use of cis-cleaving ribozymes to efficiently truncate RNA molecules at 
10 specific sites in vivo by ensuring lack of secondary structure which 
prevents processing. 

Isolation of Therapeutic Ribozvma 

The preferred method of isolating therapeutic ribozyme is by a 
chromatographic technique. The HPLC purification methods and reverse 

1 5 HPLC purification methods described by Draper et al., PCT WO 93/23509, 
hereby incorporated by reference herein, can be used. Alternatively, the 
attachment of complementary oligonucleotides to cellulose or other 
chromatography columns allows isolation of the therapeutic second 
ribozyme, for example, by hybridization to the region between the flanking 

20 arms and the enzymatic RNA. This hybridization will select against the 
short flanking sequences without the desired enzymatic RNA, and against 
the releasing first ribozyme. The hybridization can be accomplished in the 
presence of a chaotropic agent to prevent nuclease degradation. The 
oligonucleotides on the matrix can be modified to minimize nuclease 

25 activity, for example, by provision of 2'-0-methyl RNA oligonucleotides. 
Such modifications of the oligonucleotide attached to the column matrix will 
allow the multiple use of the column with minimal oligo degradation. Many 
such modifications are known in the art, but a chemically stable non- 
reducible modification is preferred. For example, phosphorothioate 

30 modifications can also be used. 

The expressed ribozyme RNA can be isolated from bacterial or 
eucaryotic cells by routine procedures such as lysis followed by guanidine 
isothiocyanate isolation. 

The current known self-cleaving site of Tetrahymena can be used in 
35 an alternative vector of this invention. If desired, the full-length 
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Tetrahymena sequence may be used, or a shorter sequence may be used. 
It is preferred that, in order to decrease the superfluous sequences in the 
self-cleaving site at the 5" cleavage end, the hairpin normally present in the 
Tetrahymena ribozyme should contain the therapeutic second ribozyme 3' 
5 sequence and its complement. That is, the first releasing ribozyme- 
encoding DNA is provided in two portions, separated by DNA encoding the 
desired second ribozyme. For example, if the therapeutic second ribozyme 
recognition sequence is CGGACGA/CGAGGA, then CGAGGA is provided 
in the self-cleaving site loop such that it is in a stem structure recognized by 
1 0 the Tetrahymena ribozyme. The loop of the stem may include a restriction 
endonuclease site into which the desired second ribozyme-encoding DNA 
is placed. 

If desired, the vector may be used in a therapeutic protocol by use of 
the systems described by Lechner, PCT WO 92/13070, hereby 

15 incorporated by reference herein, to allow a timed expression of the 
therapeutic second ribozyme, as well as an appropriate shut off of cell or 
gene function. Thus, the vector will include a promoter which appropriately 
expresses enzymatically active RNA only in the presence of an RNA or 
another molecule which indicates the presence of an undesired organism 

20 or state. Such enzymatically active RNA will then kill or harm the cell in 
which it exists, as described by Lechner, id., or act to cause reduced 
expression of a desired protein product. 

A number of suitable RNA vectors may also be used in this invention. 
The vectors include plant viroids, plant viruses which contain single or 
25 double-stranded RNA genomes and animal viruses which contain RNA 
genomes, such as the picornaviruses, myxoviruses, paramyxoviruses, 
hepatitis A virus, reovirus and retroviruses. In many instances cited, use of 
these viral vectors also results in tissue specific delivery of the ribozymes. 

Example 21: Desion of salf-prncflssing cassa^ 

30 .. In a preferred embodiment, applicant compared the in vitro and in 
vivo cis-cleaving activity of three different ribozyme motifs-the 
hammerhead, the hairpin and the hepatitis delta virus ribozyme-in order to 
assess their potential to process the ends of transcripts in vivo. To make a 
direct comparison among the three, however, it is important to design the 

35 ribozyme-containing transcripts to be as similar as possible. To this end, 
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all the ribozyme cassettes contained the sam trans-acting hammerhead 
ribozyme followed immediately by one of the three cis-acting ribozymes 
( Figure 23-25 )- For simplicity, applicant refers to each cassette by an 
abbreviation that indicates the downstream cis-cleaving ribozyme only. 
5 Thus HH refers to the cis-cleaving cassette containing a hammerhead 
ribozyme, while HP and HDV refer to the cassettes containing hairpin and 
hepatitis delta virus cis-cleaving ribozymes, respectively. The general 
design of the ribozyme cassettes, as well as specific differences among the 
cassettes, are outlined below. 

1 0 A sequence predicted to form a stable stem-loop structure is included 

at the 5' end of all the transcripts. The hairpin stem contains the T7 RNA 
polymerase initiation sequence (Milligan & Uhlenbeck, 1989 Methods 
Enz . vrPQl, 180, 51) and its complement, separated be a stable tetra-loop 
(Antao et aL, 1991 Nucleic Acids Ra* 19, 5901 ). By incorporating the T7 

1 5 initiation sequence into a stem-loop structure, applicant hoped to avoid 
nonproductive base pairing interactions with either the trans-acting 
ribozyme or with the cis-acting ribozyme. The presence of a hairpin at the 
end of a transcript may also contribute to the stability of the transcript in 
vivo. These are non-limiting examples. Those in the art will recognize that 

20 other embodiments can be readily generated using a variety of promoters, 
initiator sequences and stem-loop structure combinations generally known 
in the art. 

The trans-acting ribozyme used in this study is targeted to a site B 
(5' -CUQGAGU^GACCUUC-3'). The 5' binding arm of the ribozyme, 5 1 - 

25 GAAGGUC-3', and the core of the ribozyme, 5'- 
CUGAUGAGGCCGAAAGGCCGAA-3', remain constant in all cases. In 
addition, all transcripts also contain a single nucleotide between the 5' 
stem-loop and the first nucleotide of the ribozyme. The linker nucleotide 
was required to obtain the same activity in vitro that was measured with an 

30 identical ribozyme lacking the 5' hairpin. Because the three cis-cleaving 
ribozymes have different requirements at the site of cleavage, slight 
differences were unavoidable at the 3' end of the processed transcript. The 
junction between the trans- and cis-acting ribozyme is, however, designed 
so that there is minimal extraneous sequence left at the 3" end of the trans- 

35 cleaving ribozyme once cis-cleavage occurs. The only differences 
between the constructs lie in the 3" binding arm of the ribozyme, where 
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either 6 or 7 nucleotides, S'-ACUCCAf+AG)^', complementary to the target 
sequence are present and where, after processing, two to five extra 
nucleotides remain. 

The cis-cleaving hammerhead ribozyme used in the HH cassette is 
5 based on the design of Grosshans and Cech, 1991 supra . As shown in 
Figure 23, the 3* binding arm of the trans-acting ribozyme is included in the 
required base-pairing interactions of the cis-cleaving ribozyme to form stem 
I. Two extra nucleotides, UC, were included at the end of the 3' binding 
arm to form the self-processing hammerhead ribozyme site (Ruffner et al., 
10 1990 sjicia) which remain on the 3' end of the trans-acting ribozyme 
following self-processing. 

The hairpin ribozyme portion of the HP self-processing construct is 
based on the minimal wild-type sequence (Hampel & Tritz, 1989 supra) . A 
tetra-loop at the end of helix 1 (3* side of the cleavage site) serves to link 

1 5 the two portions and thus allows a minimal five nucleotides to remain at the 
end of the released trans-acting ribozyme following self-processing. Two 
variants of HP were designed: HP(GU) and HP(GC). The HP(GU) was 
constructed with a GU wobble base pair in helix 2 (A52G substitution; 
Figure 24). This slight destabilization of helix 2 was intended to improve 

20 self-processing activity by promoting product release and preventing the 
reverse reaction (Berzal-Herranz et al., 1992 Genes & rw 6, 129; 
Chowrira et al., 1993 Biochemistry 32, 1088). The HP(GC) cassette was 
constructed as a control for strong base-pairing interactions in helix 2 
(U77C and A52G substitution; Fioure 2A\ Another modification to 

25 discourage the reverse ligation reaction of the hairpin ribozyme was to 
shorten helix 1 (Figure 24) by one base pair relative to the wild-type 
sequence (Chowrira & Burke, 1991 Biochemist^ an 8518). 

The HDV ribozyme self-processes efficiently when the nucleotide 5' to 
the cleavage site is a pyrimidine, and somewhat less so when adenosine is 

30 in that position. No other sequence requirements have been identified 
upstream of the cleavage site, however, we have observed some decrease 
in activity when a stem-loop structure was present within 2 nt of the 
cleavage site. The HDV self-processing construct (Fig 25) was designed to 
generate the trans-acting hammerhead ribozyme with only two additional 

35 nucleotides at its 3' end after self-processing. The HDV sequence used 
here is based on the anti-genomic sequence (Perrota & Been, 1992 suora l 
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but includes the modifications of Been et al. f 1992 ( Biochemistry 31 , 
11843) in which cis-cleavage activity of the ribozyme was improved by the 
substitution of a shortened helix 4 for a wild-type stem-loop (Figure 251 . 

To prepare DNA inserts that encode self-processing ribozyme 
5 cassettes, partially overlapping top- and bottom-strand oligonucleotides 
(60-90 nucleotides) were designed to include sequences for the T7 
promoter, the trans-acting ribozyme, the cis-cleaving ribozyme and 
appropriate restriction sites for use in cloning (see Fia. 26V The single- 
strand portions of annealed oligonucleotides were converted to double- 
1 0 strands using Sequenase® (U.S. Biochemicals). Insert DNA was ligated 
into Ecoflf/H/ndlll-digested pud 8 and transformed into £ coli strain DH5a 
using standard protocols (Maniatis et al. f 1982 in Molecular Cloning Cold 
Spring Harbor Press). The identity of positive clones was confirmed by 
sequencing small-scale plasmid preparations. 

15 Larger scale preparations of plasmid DNA for use as in vitro 

transcription templates and in transactions were prepared using the 
protocol and columns from QIAGEN Inc. (Studio City, CA) except that an 
additional ethanol precipitation was included as the final step. 

Example 22: RNA Processing in vitro 

20 Transcription reactions containing linear plasmid templates were 

carried out essentially as described (Milligan & Uhlenbeck, 1989 Supra : 
Chowrira & Burke, 1991 Suoral . In order to prepare 5' end-labeled 
transcripts, standard transcription reactions were carried out in the 
presence of 10-20 \iCi [y- 32 P]GTP t 200 nM each NTP and 0.5 to 1 ^g of 

25 linearized plasmid template. The concentration of MgCfc was maintained 
at 10 mM above the total nucleotide concentration. 

To compare the ability of the different ribozyme cassettes to self- 
process in vitro, each construct was transcribed and allowed to undergo 
self-processing under identical conditions at 37°C. For these comparisons, 

30 equat amounts of linearized DNA templates bearing the various ribozyme 
cassettes were transcribed in the presence of [y-3 2 P]GTP to generate 5' 
end-labeled transcripts. In this manner only the full-length, unprocessed 
transcripts and the released trans-ribozymes are visualized by 
autoradiography. In all reactions, Mg2+ was included at 10 mM above the 

35 nucleotide concentration so that cleavage by all the ribozyme cassettes 
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would be supported. Transcription templates were linearized at several 
positions by digestion with different restriction enzymes so that self- 
processing in the presence of increasing lengths of downstream sequence 
could be compared (sge Rg, 26). The resulting transcripts have either 4-5 
5 non-ribozyme nucleotides at the 3' end (H/ndlll-digested template), 220 
nucleotides (Ndel digested templates) or 454 nucleotides of downstream 
sequence (Real digested template). 

As shown in Figure, 27, all four ribozyme cassettes are capable of self- 
processing and yield RNA products of expected sizes. Two nucleotides 

10 essential for hammerhead ribozyme activity (Ruffner et al., 1990 supral 
have been changed in the HH(mutant) core sequence (see Figure 231 and 
so this transcript is unable to undergo self-processing ( Fig. 27V This is 
evidenced by the lack of a released 5' RNA in the HH(mutant), although the 
full-length RNAs are present . Comparison of the amounts of released 

1 5 trans-ribozyme (fjg^Z) indicate that there are differences in the ability of 
these ribozymes to self-process in vitro, especially with respect to the 
presence of downstream sequence. For the two HP constructs, it is clear 
that HP(GC) is more efficient than the HP(GU) ribozyme, both in the 
presence and in the absence of extra downstream sequence. In addition 

20 the activity of HP(GU) falls off more dramatically when downstream 
sequence is present. The stronger G:C base pair likely contributes to the 
HP(GC) constructs ability to fold correctly (and/or more quickly) into the 
productive structure, even when as much as 216 extra nucleotides are 
present downstream. The HH ribozyme construct is also quite efficient at 
25 self-processing, and slightly better than the HP(GU) construct even when 
downstream sequence is present. 

Of the three ribozyme motifs, the presence of extra downstream 
sequence seems to most affect the efficiency of HDV. When no extra 
sequence is present downstream, HDV is quite efficient and self-processes 
30 to approximately the same level as the HH and HP(GC) cassettes. 
However, when extra downstream sequence is present, the self-processing 
activity seems to decrease almost as dramatically as is seen with the (sub- 
optimal) HP(GU) cassette. 
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Example 23: Kinetics of self-p rocessing reaction 

H/ndlll-digested template (250 ng) was used in a standard 
transcription reaction mixture containing: 50 mM Tris-HCI pH 8.3; 1 mM 
ATP, GTP and UTP; 50 uM CTP; 40 uCi [a-32p]CTP; 12 mM MgCfr 10 mM 
5 DTT. The transcription/self-processing reaction was initiated by the 
addition of T7 RNA polymerase (15 U/u.l). Aliquots of 5 jxl were taken at 
regular time intervals and the reaction was stopped by adding an equal 
volume of 2x formamide loading buffer (95% formamide, 15 mM EDTA, & 
dyes) and freezing on dry ice. The samples were resolved on a 10% 
10 poiyacrylamide sequencing gel and results were quantitated by 
Phosphorlmager (Molecular Dynamics, Sunnyvale, CA). Ribozyme self- 
cleavage rates were determined from non-linear, least-squares fits 
(KaleidaGraph, Synergy Software.Reeding, PA) of the data to the equation: 

(Fraction Uncleaved Transcript) = jj (1 -e'^) 

15 where t represents time and k represents the unimolecular rate 

constant for cleavage (Long & Uhlenbeck, 1994 Proc. Natl Acad. Sci. USA 
91,6977). 

Linear templates were prepared by digesting the plasmids with H/ndlll 
so that transcripts will contain only four to five vector-derived nucleotides at 

20 the 3' end (see Figure 23-251 By comparison of the unimolecular rate 
constant (k) determined for each construct, it is clear that HH is the most 
efficient at self-processing (7 able 441 The HH transcript seJf-processes 2- 
fold faster than HDV and 3-fold faster than HP(GC) transcripts. Although 
the HP(GU) RNA undergoes self-processing, it is at least 6-fold slower than 

25 the HP(GC) construct. This is consistent with previous observations that 
the stability of helix 2 is essential for self-processing and trans-cleavage 
activity of the hairpin ribozyme (Hampel et al„ 1990 supra : Chowrira & 
Burke, 1991 SUBISO- The rate of HH self-cleavage during transcription 
measured here (1.2 min- 1 ) is similar to the rate measured by Long and 

30 Uhlenbeck 1994 sjipia using a HH that has a different stem I and stem III. 
Self-processing rates during transcription for HP and HDV have not been 
previously reported. However, self-processing of the HDV ribozyme-as 
measured here during transcription-is significantly slower than when 
tested after isolation from a denaturing gel (Been et al., 1992 supra l. This 

35 decrease likely reflects the difference in protocol as well as the presence of 
5' flanking sequence in the HDV construct used here. 
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Example 24; Effect Of downstream sequences nn t r ans-H flm q f , ; n Y i tr 

Transcripts containing the trans ribozyme with or without 3' flanking 
sequences were assayed for their ability to cleave their target in trans. To 
this end, transcripts from three templates were resolved on a preparative 
5 gel and bands corresponding both to processed trans-acting ribozymes 
from the HH transcription reaction, and to full-length HH(mutant) and AHDV 
transcripts were isolated. In all three transcripts the trans-acting ribozyme 
portion is identical-with the exception of sequences at their 3' ends. The 
HH trans-acting ribozyme contains only an additional UC at its 3' end, 
1 0 while HH(mutant) and AHDV have 52 and 37 nucleotides, respectively, at 
their 3' ends. A 622 nucleotide, internally-labeled target RNA was 
incubated, under ribozyme excess conditions, along with the three 
ribozyme transcripts in a standard reaction buffer. 

To make internally-labeled substrate RNA for trans-ribozyme 
15 cleavage reactions, a 622 nt region (containing hammerhead site P) was 
synthesized by PCR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
standard transcription buffer in the presence of [o-32p]CTP (Chowrira & 
Burke, 1991 sjjpja). The reaction mixture was treated with 15 units of 
20 ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 |xl 
DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1u,M) and internally labeled 622 nt substrate 
25 RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM Tris-HCI pH 7.5 and 10 mM MgCfe) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 
reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 nl were taken at regular time intervals, 
30 quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were revived on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmager® (Molecular Dynamics, Sunnyvale 
CA). 

35 The HH trans-acting ribozyme cleaves the target RNA approximately 

10-fold faster than the AHDV transcript and greater than 20-fold faster than 
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the HH(mutant) transcript (Figure 281 The additional nucleotides at the 
end of HH(mutant) form 7 base-pairs with the 3' target-binding arm of the 
trans-acting ribozyme (Figure 231 This interaction must be disrupted (at a 
cost of 6 kcal/mole) to make the trans-acting ribozyme available for binding 
5 the target sequence. In contrast, the additional nucleotides at the end of 
AHDV were not designed to form any strong, alternative base-pairing with 
the trans-ribozyme. Nevertheless, the AHDV sequences are predicted to 
form multiple structures involving the 3' target-binding arm of the trans 
ribozyme that have stabilities ranging from 1-2 kcal/mole. Thus, the 
1 0 observed reductions in activity for the AHDV and HH(mutant) constructs are 
consistent with the predicted folded structures, and it reinforces the view 
that the flanking sequences can decrease the catalytic efficiency of a 
ribozyme through nonproductive interactions with either the ribozyme or 
the substrate or both. 

15 Example 25: RNA self-orocessing in vivo 

Since three of the constructs (HH, HDV and HP(GC)) self-process 
efficiently in solution, the affect of the mammalian cellular milieu on 
ribozyme self-processing was next explored by applicant. A transient 
expression system was employed to investigate ribozyme activity in vivo. A 
20 mouse cell line (OST7-1) that constitutively expresses T7 RNA polymerase 
in the cytoplasm was chosen for this study (Elroy-Stein and Moss, 1990 
Proc. Natl. Acad. Sci. USA 87, 6743). In these cells plasmids containing a 
ribozyme cassette downstream of the T7 promoter will be transcribed 
efficiently in the cytoplasm (Elroy-Stein & Moss, 1990 supra) . 

25 Monolayers of a mouse L9 fibroblast cell line (OST7-1; Elroy-Stein 

and Moss, 1990 supra) were grown in 6-well plates with - 5x1 05 cells/well. 
Cells were transfected with circular plasmids (5 ug/well) using the calcium 
phosphate-DNA precipitation method (Maniatis et al., 1982 supra) . Cells 
were lysed (4 hours post-transfection) by the addition of standard lysis 

30 buffer (200 u.l/well) containing 4M guanadinium isothiocyanate, 25 mM 
sodium citrate (pH 7.0), 0.5% sarkosyl (Chomczynski and Sacchi, 1987 
ApaJ, Bjocherrt, 162, 156), and '50 mM EDTA pH 8.0. The lysate was 
extracted once with water-saturated phenol followed by one extraction with 
chloroform:isoamyl alcohol (25:1). Total cellular RNA was precipitated with 

35 an equal volume of isopropanol. The RNA pellet was resuspended in 0.2 
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M ammonium acetate and reprecipitated with ethanol. The pellet was then 
washed with 70% ethanol and resuspended in DEPC-treated water. 

Purified cellular RNA (3 ug/reaction) was first denatured in the 
presence of a 5' end-labeled DNA primer (100 pmol) by heating to 90°C for 
5 2 min. in the absence of Mg 2+ , and then snap-cooling on ice for at least 15 
min. This protocol allows for efficient annealing of the primer to its 
complementary RNA sequence. The primer was extended using 
Superscript II reverse transcriptase (8 U/uJ; BRL) in a buffer containing 50 
mM Tris-HCI pH 8.3; 10 mM DTT; 75 mM KCf; 1 mM MgCfc; 1 mM each 

10 dNTP. The extension reaction was carried out at 42°C for 10 min. The 
reaction was terminated by adding an equal volume of 2x formamide gel 
loading buffer and freezing on crushed dry ice. The samples were 
resolved on a 10% polyacrylamide sequencing gel. The primer sequences 
are as follows: HH primer, 5'-CTCCAGTTTCGAGCTTT-3'; HDV primer, 5'- 

15 AAGTAGCCCAGGTCGGACC-3'; HP primer, 5'- 
ACCAGGTAATATACCACAAC-3'. 

As shown in Figure 29, specific bands corresponding to full-length 
precursor RNA and 3' cleavage products were detected from cells 
transfected with the self-processing cassettes. All three constructs, in 
20 addition to being transcriptionally active, appear to self-process efficiently 
in the cytoplasm of OST7-1 cells. In particular, the HH and HP(GC) 
constructs self-process to greater than 95%. The overall extent of self- 
processing in OST7-1 cells appears to be strikingly similar to the extent of 
self-processing in vitro (Figure 29 'In Vitro +MgCl2" vs. "Cellular"). 

25 Consistent with the in vitro self-processing results, the HP(GU) 

cassette self-processed to approximately 50% in OST7-1 cells. As 
expected, transfection with plasmids containing the HH(mutant) cassette 
yielded a primer-extension product corresponding to the full-length RNA 
with no detectable cleavage products (Fioura 39). The latter result strongly 

30 suggests that the primer extension band corresponding to tfie 3' cleavage 
product is not an artifact of reverse transcription. 

Applicant was concerned with the possibility that RNA self-processing 
might occur during cell lysis, RNA isolation and /or the primer extension 
assay. Two precautions were taken to exclude this possibility. First, 50 mM 
35 EDTA was included in the lysis buffer. EDTA is a strong chelator of divalent 
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metal ions such as Mg 2+ and Ca 2+ that are necessary for ribozyme 
activity. Divalent metal ions are therefore unavailable to self-processing 
RNAs following cell lysis. A second precaution involved using primers in 
the primer-extension assay that were designed to hybridize to essential 
5 regions of the processing ribozyme. Binding of these primers should 
prevent the 3* cis-acting ribozymes from folding into the conformation 
essential for catalytic activity. 

Two experiments were carried out to further eliminate the possibility 
that self-processing is occurring either during RNA preparations or during 

10 the primer extension analysis. The first experiment involves primer 
extension analysis on full-length precursor RNAs that were added to non- 
transfected OST7-1 lysates after cell lysis. Thus, only if self-processing is 
occurring at some point after lysis would cleavage products be detected. 
Full-length precursor RNAs were prepared by transcribing under conditions 

15 of low Mg2+ (5 mM) and high NTP concentration (total 12 mM) in an 
attempt to eliminate the free Mg2+ required for the self-processing reaction 
(Michel et al. 1992 Genes & Dev. 6, 1373); The full-length precursor RNAs 
were gel-purified, and a known amount was added to lysates of non- 
transfected OST7-1 cells. RNA was purified from these lysates and 

20 incubated for 1 hr in DEPC-treated water at 37© c prior to the standard 
primer extension analysis (Figure 29 . in vitro '-MgCl2" control). The 
predominant RNA detected in all cases corresponds to the primer 
extension product of full-length precursor RNAs. If, instead, the purified 
RNA containing the full-length precursor is incubated in 10 mM MgCfc prior 

25 to the primer extension analysis, most or all of the RNA detected by primer 
extension analysis undergoes cleavage (Figure 29 in vitro "+MgCl2" 
control). These results indicate that the standard RNA isolation and primer 
extension protocols used here do not provide a favorable environment for 
RNA self-processing, even though the RNA in question is inherently able to 

30 undergo self-cleavage. 

In a second experiment to demonstrate lack of self-processing during 
work- up, internally-labeled precursor RNAs were prepared and added to 
non-transfected OST7-1 lysates as in the previous control. The internally- 
labeled precursor RNAs were carried through the RNA purification and 
35 primer extension reactions (in the presence of unlabeled primers) and 
analyzed to determine the extent of self-processing. By this analysis, the 
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vast majority of th added full-length RNA remained intact during the entire 
process of RNA isolation and primer extension. 

These two control experiments validate the protocols used and 
support applicant's conclusion that the self-processing reactions catalyzed 
by HH, HDV and HP(GC) cassettes are occurring in the cytoplasm of 
OST7-1 cells. 

Sequences in figures 23 through 25 are meant to be non-limiting 
examples. Those in the art will recognize that other embodiments can be 
readily generated using techniques generally known in the art. 

In addition, those in the art will recognize that Applicant provides 
guidance through the above examples as to how to best design vectors of 
this invention so that secondary structure of the mRNA allows efficient 
cleavage by releasing ribozymes. Thus, the specific constructs are not 
limiting in this invention. Such constructs can be readily tested as 
described above for such secondary structure, either by computer folding 
algorithms or empirically. Such constructs will then allow at least 80% 
completion of release of ribozymes, which can be readily determined as 
described above or by methods known in the art. That is, any such 
secondary structure in the RNA does not reduce release of the ribozymes 
by more than 20%. 

IV. Ribozvmes Expressed bv RNA P olymerase m 

Applicant has determined that the level of production of a foreign 
RNA, using a RNA polymerase III (pol III) based system, can be significantly 
enhanced by ensuring that the RNA is produced with the 5' terminus and a 
3' region of the RNA molecule base-paired together to form a stable 
intramolecular stem structure. This stem structure is formed by hydrogen 
bond interactions (either Watson-Crick or non-Watson-Crick) between 
nucleotides in the 3' region (at least 8 bases) and complementary 
nucleotides in the 5' terminus of the same RNA molecule. 

Although the example provided below involves a type 2 pol III gene 
unit, a number of other pol III promoter systems can also be used, for 
example, tRNA (Hall et al., 1982 Ce//29, 3-5), 5S RNA (Nielsen et al., 
1993, Nucleic Acids Res. 21. 3631-3636), ad novirus VA RNA (Fowlkes 
and Shenk, 1980 Ce//22, 405-413), U6 snRNA (Gupta and Reddy, 1990 
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Nucleic Acids Res. 19, 2073-2075), vault RNA (Kickoefer et al., 1993 J. 
Biol. Chem. 268, 7868-7873), telomerase RNA (Romero and Blackburn, 
1991 Cell 67, 343-353), and others. 

The construct described in this invention is able to accumulate RNA to 
5 a significantly higher level than other constructs, even those in which 5" 
and 3' ends are involved in hairpin loops. Using such a construct the level 
of expression of a foreign RNA can be increased to between 20,000 and 
50,000 copies per cell. This makes such constructs, and the vectors 
encoding such constructs, excellent for use in decoy, therapeutic editing 

1 0 and antisense protocols as well as for ribozyme formation. In addition, the 
molecules can be used as agonist or antagonist RNAs (affinity RNAs). 
Generally, applicant believes that the intramolecular base-paired 
interaction between the 5' terminus and the 3* region of the RNA should be 
in a double-stranded structure in order to achieve enhanced RNA 

1 5 accumulation. 

Thus, in one preferred embodiment the invention features a pol III 
promoter system (fl^ a type 2 system) used to synthesize a chimeric RNA 
molecule which includes tRNA sequences and a desired RNA ( e.g. . a 
tRNA-based molecule). 

20 The following exemplifies this invention with a type 2 pol III promoter 

and a tRNA gene. Specifically to illustrate the broad invention, the RNA 
molecule in the following example has an A box and a B box of the type 2 
pol III promoter system and has a 5' terminus or region able to base-pair 
with at least 8 bases of a complementary 3' end or region of the same RNA 

25 molecule. This is meant to be a specific example. Those in the art will 
recognize that this is but one example, and other embodiments can be 
readily generated using other pol III promoter systems and techniques 
generally known in the art. 

By "terminus" is meant the terminal bases of an RNA molecule, ending 
30 in a 3' hydroxyl or 5' phosphate or 5' cap moiety. By "region* is meant a 
stretch of bases 5' or 3' from the terminus that are involved in base-paired 
interactions. It need not be adjacent to the end of the RNA. Applicant has 
determined that base pairing of at least one end of the RNA molecule with 
a region not more than about 50 bases, and preferably only 20 bases, from 



( 

WO 95/1225 



PCT/IB9S/00156 



98 



the other end of the molecule provides a useful molecule able to be 
expressed at high levels. 

By '3' region' is meant a stretch of bases 3' from the terminus that are 
involved in intramolecular bas-paired interaction with complementary 
5 nucleotides in the 5' terminus of the same molecule. The 3* region can be 
designed to include the 3' terminus. The 3' region therefore is £ 0 
nucleotides from the 3' terminus. For example, in the S35 construct 
described in the present invention (Fig, 4Q) the 3' region is one nucleotide 
from the 3' terminus. In another example, the 3' region is - 43 nt from 3' 
10 terminus. These examples are not meant to be limiting. Those in the art 
will recognize that other embodiments can be readily generated using 
techniques generally known in the art. Generally, it is preferred to have the 
3' region within 100 bases of the 3' terminus. 

By "tRNA molecule" is meant a type 2 pol III driven RNA molecule that 
1 5 is generally derived from any recognized tRNA gene. Those in the art will 
recognize that DNA encoding such molecules is readily available and can 
be modified as desired to alter one or more bases within the DNA encoding 
the RNA molecule and/or the promoter system. Generally, but not always, 
such molecules include an A box and a B box that consist of sequences 
20 which are well known in the art (and examples of which can be found 
throughout the literature). These A and B boxes have a certain consensus 
sequence which is essential for a optimal pol III transcription. 

By "chimeric tRNA molecule" is meant a RNA molecule that includes a 
pol III promoter (type 2) region. A chimeric tRNA molecule, for example, 

25 might contain an intramolecular base-paired structure between the 3' 
region and complementary 5' terminus of the molecule, and includes a 
foreign RNA sequence at any location within the molecule which does not 
affect the activity of the type 2 pol III promoter boxes. Thus, such a foreign 
RNA may be provided at the 3' end of the B box, or may be provided in 

30 between the A and the B box, with the B box moved to an appropriate 
location either within the foreign RNA or another location such that it is 
effective to provide pol III transcription. In one example, the RNA molecule 
may include a hammerhead ribozyme with the B box of a type 2 pol III 
promoter provided in stem II of the ribozyme. In a second example, the B 

35 box may be provided in stem IV region of a hairpin ribozyme. A specific 
example of such RNA molecules is provided below. Those in the art will 
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recognize that this is but one example, and other embodiments can be 
readily generated using techniques generally known in the art. 

By "desired RNA" molecule is meant any foreign RNA molecule which 
is useful from a therapeutic, diagnostic, or other viewpoint. Such 
5 molecules include antisense RNA molecules, decoy RNA molecules, 
enzymatic RNA, therapeutic editing RNA and agonist and antagonist RNA. 

By "antisense RNA" is meant a non-enzymatic RNA molecule that 
binds to another RNA (target RNA) by means of RNA-RNA interactions and 
alters the activity of the target RNA (Eguchi et al., 1991 Annu. Rev. 

10 Biochem. 60, 631-652). By "enzymatic RNA" is meant an RNA molecule 
with enzymatic activity (Cech, 1988 J.American. Med. Assoc. 260, 3030- 
3035). Enzymatic nucleic acids (ribozymes) act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a 
enzymatic nucleic acid which is held in close proximity to an enzymatic 

1 5 portion of the molecule that acts to cleave the target RNA. Thus, the 
enzymatic nucleic acid first recognizes and then binds a target RNA 
through base-pairing, and once bound to the correct site, acts 
enzymatically to cut the target RNA. 

By "decoy RNA" is meant an RNA molecule that mimics the natural 
20 binding domain for a ligand. The decoy RNA therefore competes with 
natural binding target for the binding of a specific ligand. For example, it 
has been shown that over-expression of HIV trans-activation response 
(TAR) RNA can act as a "decoy" and efficiently binds HIV tat protein, 
thereby preventing it from binding to TAR sequences encoded in the HIV 
25 RNA (Sullenger et al., 1990 Cell 63, 601-608). This is meant to be a 
specific example. Those in the art will recognize that this is but one 
example, and other embodiments can be readily generated using 
techniques generally known in the art. 

By "therapeutic editing RNA" is meant an antisense RNA that can bind 
30 to its cellular target (RNA or DNA) and mediate the modification of a 
specific base. 

By "agonist RNA" is meant an RNA molecule that can bind to protein 
receptors with high affinity and cause the stimulation of specific cellular 
pathways. 
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By "antagonist RNA" is meant an RNA molecule that can bind to 
cellular proteins and prevent it from performing its normal biological 
function (for example, s e Tsai et al M 1992 Proc. Natl. Acad Set. USA 89 f 
8864-8868). 

5 In other aspects, the invention includes vectors encoding RNA 

molecules as described above, cells including such vectors, methods for 
producing the desired RNA, and use of the vectors and cells to produce this 
RNA. 

Thus, the invention features a transcribed non-naturally occuring RNA 
10 molecule which includes a desired therapeutic RNA portion and an 
intramolecular stem formed by base-pairing interactions between a 3' 
region and complementary nucleotides at the 5' terminus in the RNA. The 
stem preferably includes at least 8 base pairs, but may have more, for 
example, 15 or 16 base pairs. 

15 In preferred embodiments, the 5* terminus of the chimeric tRNA 

includes a portion of the precursor molecule of the primary tRNA molecule, 
of which £ 8 nucleotides are involved in base-pairing interaction with the 3' 
region; the chimeric tRNA contains A and B boxes; natural sequences 3' of 
the B box are deleted, which prevents endogenous RNA processing; the 

20 desired RNA molecule is at the 3' end of the B box; the desired RNA 
molecule is between the A and the B box; the desired RNA molecule 
includes the B box; the desired RNA molecule is selected from the group 
consisting of antisense RNA, decoy RNA, therapeutic editing RNA, 
enzymatic RNA, agonist RNA and antagonist RNA; the molecule has an 

25 intramolecular stem resulting from a base-paired interaction between the 5' 
terminus of the RNA and a complementary 3' region within the same RNA, 
and includes at least 8 bases; and the 5' terminus is able to base pair with 
at least 15 bases of the 3' region. 

In most preferred embodiments, the molecule is transcribed by a RNA 
30 polymerase III based promoter system, e.g., a type 2 pol III promoter 
system; the molecule is a chimeric tRNA, and may have the A and B boxes 
of a type 2 pol III promoter separated by between 0 and 300 bases; DNA 
vector encoding the RNA molecule of claim 51. 
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In other related aspects, the invention features an RNA or DNA vector 
encoding the above RNA molecule, with the portions of the vector encoding 
the RNA functioning as a RNA pol III promoter; or a cell containing the 
vector ; or a method to provide a desired RNA molecule in a cell, oy 
5 introducing the molecule into a cell with an RNA molecule as described 
above. The cells can be derived from animals, plants or human beings. 

In order for RNA-based gene therapy approaches to be effective, 
sufficient amounts of the therapeutic RNA must accumulate in the 
appropriate intracellular compartment of the treated cells. Accumulation is 
10 a function of both promoter strength of the antiviral gene, and the 
intracellular stability of the antiviral RNA. Both RNA polymerase II (pol II) 
and RNA polymerase III (pol III) based expression systems have been used 
to produce therapeutic RNAs in cells (Sarver & Rossi, 1993 AIDS Res. & 
Human Retroviruses 9, 483-487; Yu et al. f 1993 P.A/.AS.(USA) 90, 6340- 
1 5 6344). However, pol III based expression cassettes are theoretically more 
attractive for use in expressing antiviral RNAs for the following reasons. 
Pol II produces messenger RNAs located exclusively in the cytoplasm, 
whereas pol III produces functional RNAs found in both the nucleus and the 
cytoplasm. Pol II promoters tend to be more tissue restricted, whereas pol 
20 III genes encode tRNAs and other functional RNAs necessary for basic 
"housekeeping" functions in all cell types. Therefore, pol III promoters are 
likely to be expressed in ail tissue types. Finally, pol III transcripts from a 
given gene accumulate to much greater levels in cells relative to pol II 
genes. 

Intracellular accumulation of therapeutic RNAs is also dependent on 
the method of gene transfer used. For example, the retroviral vectors 
presently used to accomplish stable gene transfer, integrate randomly into 
the genome of target cells. This random integration leads to varied 
expression of the transferred gene in individual cells comprising the bulk 
treated cell population. Therefore, for maximum effectiveness, the 
transferred gene must have the capacity to express therapeutic amounts of 
the antiviral RNA in the entire treated cell population, regardless of the 
integration site. 
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Pol III System 

The following is just one non-limiting example of the invention. A pol 
III based genetic element derived from a human tRNAj m et gene and 
termed A3-5 (JEigJ33; Adeniyi-Jones et al., 1984 supra), has been adapted 
5 to express antiviral RNAs (Sullenger et al., 1990 Mol. Cell. Biol. 10, 6512- 
6523). This element was inserted into the DC retroviral vector (Sullenger 
et al., 1990 Mol. Cell. Biol. 10, 6512-6523) to accomplish stable gene 
transfer, and used to express antisense RNAs against moloney murine 
leukemia virus and anti-HIV decoy RNAs (Sullenger et al., 1990 Mol. Cell. 

10 Biol. 10. 6512-6523; Sullenger et al., 1990 Ce//63, 601-608; Sullenger et 
al., 1991 J. Virol. 65. 6811-6816; Lee et al., 1992 The New Biologist 4, 66- 
74). Clonal lines are expanded from individual cells present in the bulk 
population, and therefore express similar amounts of the therapeutic RNA 
in all cells. Development of a vector system that generates therapeutic 

1 5 levels of therapeutic RNA in all treated cells would represent a significant 
advancement in RNA based gene therapy modalities. 

Applicant examined hammerhead (HHI) ribozyme (RNA with 
enzymatic activity) expression in human T cell lines using the A3-5 vector 
system (These constructs are termed "A3-5/HHI"; Fio. 34V On average, 

20 ribozymes were found to accumulate to less than 100 copies per ceil in the 
bulk T cell populations. In an attempt to improve expression levels of the 
A3-5 chimera, the applicant made a series of modified A3-5 gene units 
containing enhanced promoter elements to increase transcription rates, 
and inserted structural elements to improve the intracellular stability of the 

25 ribozyme transcripts (Fig, 34). One of these modified gene units, termed 
S35, gave rise to more than a 100-fold increase in ribozyme accumulation 
in bulk T cell populations relative to the original A3-5/HHI vector system. 
Ribozyme accumulation in individual clonal lines from the pooled T cell 
populations ranged from 10 to greater than 100 fold more than those 

30 achieved with the original A3-5/HHI version of this vector. 

-The S35 gene unit may be used to express other therapeutic RNAs 
including, but not limited to, ribozymes, antisense, decoy, therapeutic 
editing, agonist and antagonist RNAs. Application of the S35 gene unit 
would not be limited to antiviral therapies, but also to other diseases, such 
35 as cancer, in which therapeutic RNAs may be effective. The S35 gene unit 
may be used in the context of other vector systems besides retroviral 
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vectors, including but not limited to ( other stable gene transfer systems 
such as adeno-associated virus (AAV; Carter, 1992 Curr. Opin. Genet Dev. 
3, 74), as well as transient vector systems such as plasmid delivery and 
adenoviral vectors (Berkner, 1988 BioTechniques 6, 616-629). 

5 As described below, the S35 vector encodes a truncated version of a 

tRNA wherein the 3' region of the RNA is base-paired to complementary 
nucleotides at the 5' terminus, which includes the 5 1 precursor portion that 
is normally processed off during tRNA maturation. Without being bound by 
any theory, Applicant believes this feature is important in the level of 
1 0 expression observed. Thus, those in the art can now design equivalent 
RNA molecules with such high expression levels. Below are provided 
examples of the methodology by which such vectors and tRNA molecules 
can be made. 

A3-5 Vectors 

1 5 The use of a truncated human tRNAj 1 ™* gene, termed A3-5 (Fig. 33 : 

Adeniyi-Jones et al., 1984 supra), to drive expression of antisense RNAs t 
and subsequently decoy RNAs (Sullenger et al„ 1990 supra) has recently 
been reported. Because tRNA genes utilize internal pol III promoters, the 
antisense and decoy RNA sequences were expressed as chimeras 

20 containing tRNAj m $t sequences. The truncated tRNA genes were placed 
into the U3 region of the 3 1 moloney murine leukemia virus vector LTR 
(Sullenger et al. f 1990 supra). 

Base-Paired Structures 

Since the A3-5 vector combination has been successfully used to 
25 express inhibitory levels of both antisense and decoy RNAs, applicant 
cloned ribozyme-encoding sequences (termed as a A3-5/HHI n ) into this 
vector to explore its utility for expressing therapeutic ribozymes. However, 
low ribozyme accumulation in human T cell lines stably transduced with 
this vector was observed (EiflJJS). To try and improve accumulation of the 
30 ribQzyme, applicant incorporated various RNA structural elements ( Fig, 34 ) 
into one of the ribozyme chimeras (A3-5/HHI). 

Two strategies were used to try and protect the termini of the chimeric 
transcripts from exonucleolytic degredation. One strategy involved the 
incorporation of stem-loop structures into the termini of the transcript. Two 
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such constructs were cloned, S3 which contains a stem-loop structure at 
the 3' end, and S5 which contains stem-loop structures at both ends of the 
transcript (Figure 34). The second strategy involved modification of the 3' 
terminal sequences such that the 5' terminus and the 3' end sequences 
5 can form a stable base-paired stem. Two such constructs were made: S35 
in which the 3* end was altered to hybridize to the 5' leader and acceptor 
stem of the tRNAj met domain, and S35Plus which was identical to S35 but 
included more extensive structure formation within the non-ribozyme 
portion of the A3-5 chimeras fFiaura 34V These stem-loop structures are 

1 0 also intended to sequester non-ribozyme sequences in structures that will 
prevent them from interfering with the catalytic activity of the ribozyme. 
These constructs were cloned, producer cell lines were generated, and 
stably-transduced human MT2 (Harada et al., 1985 supra) and CEM (Nara 
& Fischinger, 1988 supra) cell lines were established (Curr. Protocols Mol. 

1 5 Biol. 1 992, ed. Ausubel et al., Wiley & Sons, NY). The RNA sequences and 
structure of S35 and S35 Plus are provided in Figures 40-47 

Referring to Figure 48. there is provided a general structure for a 
chimeric RNA molecule of this invention. Each N independently represents 
none or a number of bases which may or may not be base paired. The A 

20 and B boxes are optional and can be any known A or B box, or a 
consensus sequence as exemplified in the figure. The desired nucleic acid 
to be expressed can be any location in the molecule, but preferably is on 
those places shown adjacent to or between the A and B boxes (designated 
by arrows). Figure 49 shows one example of such a structure in which a 

25 desired RNA is provided 3' of the intramolecular stem. A specific example 
of such a construct is provided in Figures 50 and 51 

Example 26: Cloning of A3-5-Ribo7v me Chimara 

Oligonucleotides encoding the S35 insert that overlap by at least 15 
nucleotides were designed (5* GATCCACTCTGCTGTTCTGTTTTTGA 3' 
30 and 5' CGCGTCAAAAACAGAACAGCAGAGTG 3'). The oligonucleotides 
(10 u.M each) were denatured by boiling for 5 min in a buffer containing 40 
mM Tris.HCI, pH8.0. The oligonucleotides were allowed to anneal by snap 
cooling on ice for 10-15 min. 

The annealed oligonucleotide mixture was converted into a double- 
35 stranded molecule using Sequenase® enzyme (US Biochemicals) in a 
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buffer containing 40 mM Tris.HCI, pH7.5, 20 mM MgCl2, 50 mM NaCI, 0.5 
mM each of th four deoxyribonucleotide triphosphates, 10 mM DTT. The 
reaction was allowed to proceed at 37°C for 30 min. The reaction was 
stopped by heating to 70°C for 15 min. 

5 The double stranded DNA was digested with appropriate restriction 

endonucleases (SamHI and Mlu\) to generate ends that were suitable for 
cloning into the A3-5 vector. 

The double-stranded insert DNA was ligated to the A3-5 vector DNA 
by incubating at room temperature (about 20°C) for 60 min in a buffer 
1 0 containing 66 mM Tris.HCI, pH 7.6, 6.6 mM MgCfc, 10 mM DTT, 0.066 nM 
ATP and 0. 1 U/uJ T4 DNA Ligase (US Biochemicals). 

Competent E. coli bacterial strain was transformed with the 
recombinant vector DNA by mixing the cells and DNA on ice for 60 min. 
The mixture was heat-shocked by heating to 37°C for 1 min. The reaction 
1 5 mixture was diluted with LB media and the cells were allowed to recover for 
60 min at 37°C. The cells were plated on LB agar plates and incubated at 
37°Cfor-18h. 

Plasmid DNA was isolated from an overnight culture of recombinant 
clones using standard protocols (Ausubel et at., Curr. Protocols Mol. 
20 Biology 1 990, Wiley & Sons, NY). 

The identity of the clones were determined by sequencing the plasmid 
DNA using the Sequenase® DNA sequencing kit (US Biochemicals). 

The resulting recombinant A3-5 vector contains the S35 sequence. 
The HHI encoding DNA was cloned into this A3-5-S35 containing vector 
25 using Sad I and SamHI restriction sites. 

Example 27: Northern analysis 

RNA from the transduced MT2 cells were extracted and the presence 
of A3-5/ribozyme chimeric transcripts were assayed by Northern analysis 
(Curr. Protocols Mol. Biol. 1992, ed. Ausubel et al., Wiley & Sons, NY). 
30 Northern analysis of RNA extracted from MT2 transductants showed that 
A3-5/ribozyme chimeras of appropriate sizes were expressed (Fig. 35.361 . 
In addition, these results demonstrated the relative differences in 
accumulation among the different constructs (Figure 35.36V The pattern of 
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expression seen from the A3-5/HHI ribozyme chimera was similar to 12 
other ribozym s cloned into the A3-5 vector (not shown). In MT-2 cell line, 
A3-5/HHI ribozyme chimeras accumulated, on average, to less than 100 
copies per cell. 

5 Addition of a stem-loop onto the 3' end of A3-5/HHI did not lead to 

increased A3-5 levels (S3 in Flo. 35.361 The S5 construct containing both 
5" and 3' stem-loop structures also did not lead to increased ribozyme 
levels tFio. 35.361. 

Interestingly, the S35 construct expression in MT2 cells was about 
1 0 100-fold more abundant relative to the original A3-5/HHI vector transcripts 
(Fig, 35,36). This may be due to increased stability of the S35 transcript. 

Example 28: Cleavage activity 

To assay whether ribozymes transcribed in the transduced cells 
contained cleavage activity, total RNA extracted from the transduced MT2 T 

1 5 cells were incubated with a labeled substrate containing the HHI cleavage 
site (Figure 37). Ribozyme activity in all but the S35 constructs, was too 
low to detect. However, ribozyme activity was detectable in S35- 
transduced T cell RNA. Comparison of the activity observed in the S35- 
transduced MT2 RNA with that seen with MT2 RNA in which varying 

20 amounts of in vitro transcribed S5 ribozyme chimeras, indicated that 
between 1-3 nM of S35 ribozyme was present in S35-transduced MT2 
RNA. This level of activity corresponds to an intracellular concentration of 
5,000-15,000 ribozyme molecules per cell. 

Example 29: Clonal variation 

25 Variation in the ribozyme expression levels among cells making up 

the bulk population was determined by generating several clonal cell lines 
from the bulk S35 transduced CEM line (Curr. Protocols Mol. Biol. 1992, 
ed. Ausubel et al., Wiley & Sons, NY) and the ribozyme expression and 
activity levels in the individual clones were measured (Figure 38 and ao) 

30 All the individual clones were found to express active ribozyme. The 
ribozyme activity detected from each clone correlated well with the relative 
amounts of ribozyme observed by Northern analysis. Steady state 
ribozyme lev Is among the clon s ranged from approximately 1,000 
molecules per cell in clone G to 1 1,000 molecules per cell in clone H (fjg, 
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2fi). The mean accumulation among the clones, calculated by averaging 
the ribozyme levels of the clones, exactly equaled the level measured in 
the parent bulk population. This suggests that the individual clones are 
representative of the variation present in the bulk population. 

5 The fact that all 14 clones were found to express ribozyme indicate 

that the percentage of cells in the bulk population expressing ribozyme is 
also very high. In addition, the lowest level of expression in the clones was 
still more than 10-fold that seen in bulk cells transduced with the original 
A3-5 vector. Therefore, the S35 gene unit should be much more effective 
10 in a gene therapy setting in which bulk cells are removed, transduced and 
then reintroduced back into a patient. 

Example 30: Stability 

Finally, the bulk S35-transduced line, resistant to G418, was 
propogated for a period of 3 months (in the absence of G418) to determine 

15 if ribozyme expression was stable over extended periods of time. This 
situation mimicks that found in the clinic in which bulk cells are transduced 
and then reintroduced into the patient and allowed to prbpogate. There 
was a modest 30% reduction of ribozyme expression after 3 months. This 
difference probably arose from cells with varying amount of ribozyme 

20 expression and exhibiting different growth rates in the culture becoming 
slightly more prevalent in the culture. However, ribozyme expression is 
apparently stable for at least this period of time. 

Example 31: Design and construction of TRZ-tRNA Chimera 

A transcription unit, termed TRZ, is designed that contains the S3 5 
25 motif (Figure 52V A desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of TRZ tRNA chimera. This construct might provide 
additional stability to the desired RNA. TRZ-A and TRZ-B are non-limiting 
examples of the TRZ-tRNA chimera. 

Referring to Fi g. 53-54 . a hammerhead ribozyme targeted to site I 
30 (HHITRZ-A; Fig. 53) and a hairpin ribozyme (HPITRZ-A; Fig. 54), also 
targeted to site I, is cloned individually into the indicated region of TRZ 
tRNA chimera. The resulting ribozyme trancripts retain full RNA cleavage 
activity (see for example Fio. 55V Applicant has shown that efficient 
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expression of these TRZ tRNA chimera can be achieved in mammalian 
cells. 

Besides ribozymes, desired RNAs like antisense, therapeutic editing 
RNAs, decoys, can be readily inserted into the indicated region of TRZ- 
5 tRNA chimera to achieve therapeutic levels of RNA expression in 
mammalian cells. 

Sequences listed in Figures 40-47 and 50 . S4 are meant to be non- 
limiting examples. Those skilled in the art will recognize that variants 
(mutations, insertions and deletions) of the above examples can be readily 
10 generated using techniques known in the art, are within the scope of the 
present invention. 

Example 32: Ribozvma expression in T cell lines 

Ribozyme expression in T cell lines stably-transduced with either a 
retroviral-based or an Adeno-associated virus (AAV)-based ribozyme 

1 5 expression vector (Figure 56). The human T cell lines MT2 and CEM were 
transduced with either retroviral or AAV vectors encoding a neomycin 
sielctable marker and a ribozyme (S35/HHI) expressed from pol III metj 
tRNA-driven promoter. Cells stably-transduced with the vectors were 
selectively expanded medium containing the neomycin antibiotic 

20 derivative, G418 (0.7 mg/ml). Ribozyme expression in the stable cell lines 
was then alalyzed by Northern analysis. The probe used to detect 
ribozyme transcripts also cross-hybridized with human metj tRNA 
sequences. Refering to Figure 56, S35/HHI RNA accumulates to significant 
levels in MT2 and CEM cells when transduced with either the retrovirus or 

25 the AAV vector. 

These are meant to be non-limiting examples, those skilled in the art 
will recognize that other vectors such as adenovirus vector (Figure 57), 
plasmid DNA vector, alpha virus vectors and the other derivatives there of, 
can be readily generated to deliver the desired RNA, using techniques 
30 s known in the art and are within the scope of this invention. Additionally, the 
transcription units can be expressed individually or in multiples using pol II 
and/or pol III promoters. 

References cited herein, as well as Draper WO 93/23569, 94/02495, 
94/06331, Sullenger WO 93/12657, Thompson WO 93/04573, and Sullivan 
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WO 94/04609, and 93/11253 describe methods for use of vectors decribed 
herein, and are incorporated by reference herein. In particular these 
vectors are useful for administration of antisense and decoy RNA 
molecules. 

5 Example 33: Lioatad Ribozvmes are cata lvticallv active 

The ability of ribozymes generated by ligation methods, described in 
Draper et al., PCT WO 93/23569, to cleave target RNA was tested on either 
matched substrate RNA (FjgJsfi) or long (622 nt) RNA (Fio. 59. 60 and 61 V 

Matched substrate RNAs were chemically synthesized using solid- 

10 phase RNA synthesis chemistry (Scaringe et al., 1990 Nucleic Acids Res 
18, 5433-5441). Substrate RNA was 5" end-labeled using [y- 32 P] ATP and 
polynucleotide kinase (Curr. Protocols Mol. Biol. 1992, ed. Ausubel et al., 
Wiley & Sons, NY). Ribozyme reactions were carried out under ribozyme 
excess conditions (kcat/KMI Herschlag and Cech, 1990 Biochemistry 29, 

15 10159-10171). Briefly, ribozyme and substrate RNA were denatured and 
renatured separately by heating to 90°C and snap cooling on ice for 10 min 
in a buffer containing 50 mM Tris. HCI pH 7.5 and 10 mM MgCl2. 
Cleavage reaction was initiated by mixing the ribozyme with the substrate 
at 37°C. Aliquots of 5 \i\ were taken at regular intervals of time and the 

20 reaction was stopped by mixing with equal volume of formamide gel 
loading buffer (Curr. Protocols Mol. Biol. 1992, ed. Ausubel et al., Wiley & 
Sons, NY). The samples were resolved on 20 % polyacrylamide-urea gel. 
Refering to Fig. 58. -AG refers to the free energy of binding calculated for 
base-paired interactions between the ribozyme and the substrate RNA 

25 (Turner and Sugimoto, 1988 SllPia). RPI A is a HH ribozyme with 6/6 
binding arms. This ribozyme was synthesized chemically either as a one 
piece ribozyme or was synthesized in two fragments followed by ligation to 
generate a one piece ribozyme. The kcat/KM values for the two ribozymes 
were comparable. 

30 A template containing T7 RNA polymerase promoter upstream of 622 

nt long target sequence, was PCR amplified from a DNA clone. The target 
RNA (containing HH ribozyme cleavage sites B, C and D) was transcribed 
from this PCR amplified template using T7 RNA polymerase. The transcript 
was internally labeled during transcription by including [o-32p] CTP as one 

35 of the four ribonucleotide triphosphates. The transcription mixture was 
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treated with DNase-1 ( following transcription at 37°C for 2 hours, to digest 
away the DNA template used in the transcription. RNA was precipitated 
with Isopropanol and the pellet was washed two times with 70% ethanol to 
get rid of salt and nucleotides used in the transcription reaction. RNA is 
5 resuspended in DEPC-treated water and stored at 4°C. Ribozyme 
cleavage reactions were carried out under ribozyme excess (kcat/KM) 
conditions [Herschlag and Cech 1990 supra] . Briefly, 1000 nM ribozyme 
and 10 nM internally labeled target RNA were denatured separately by 
heating to 90°C for 2 min in the presence of 50 mM Tris.HCI, pH 7.5 and 10 
10 mM MgCl2- The RNAs were renatured by cooling to 37°C for 10-20 min. 
Cleavage reaction was initiated by mixing the ribozyme and target RNA at 
37°C. Aliquots of 5 jxl were taken at regular intervals of time and the 
reaction was quenched by adding equal volume of stop buffer. The 
samples were resolved on a sequencing gel. 

15 Example 34: Hammerhead ribozvmes with ^ 2 base-pair ed stem II are 
catalyti<?al!y 9<?tlV9 

To decrease the cost of chemical synthesis of RNA, applicant was 
interested in determining whether the length of stem II region of a typical 
hammerhead ribozyme 4 bp stem II) can be shortened without 
20 decreasing the catalytic efficiency of the HH ribozyme. The length of stem II 
was systematically shortened by one base-pair at a time. HH ribozymes 
with three and two base-paired stem II were chemically synthesized using 
solid-phase RNA phosphoramidite chemistry (Scaringe et al .. 1990 supra) . 

Matched and long substrate RNAs were synthesized and ribozyme 
25 assays were carried out as described in example 33. Referring to figures , 
62. 63 and 64 . data shows that shortening stem II of a hammerhead 
ribozyme does not significantly alter the catalytic efficiency. It is applicant's 
opinion that hammerhead ribozymes with £ 2 base-paired stem II region 
are catalytically active. 

30 Exynpte 35: Synthesis of catalvtically active hairpin ribozvmes 

RNA molecules were chemically synthesized having the nucleotide 
base sequence shown in Fig. 65 for both the 5' and 3' fragments. The 3* 
fragments are phosphorylated and ligated to the 5' fragment essentially as 
described in example 37. As is evident from the Figure 65 . the 3' and 5* 
35 fragments can hybridize together at helix 4 and are covalently linked via 
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GAAA sequence. When this structure hybridizes to a substrate a 
nbozym -substrate complex struaure is formed. While helix 4 is shown as 
3 base pairs it may be formed with only 1 or 2 base pairs. 

40 nM mixtures of ligated ribozymes were incubated with t- 5 „u s' 
end- abeled matched substra.es (chemically synthesized b so id phase 
synthesis us,n 9 R NA phosphoramidite chemistry, for different timesVn 50 

et,er u ^,. 7 - 5 ' ,0mMMflC ' 2andShO,mto ^ ~- 

The target and the ribozyme sequences shown in Fio. 6P „nH are 
meant to be non-.imiting examples. Those in the art S^c^f thlt 
other embodiments can be readiiy generated using other sequen e nd 
techniques generally known in the art. 

V« Constat* Of Hfltrnln Rih^Ymftff 

new hTr/°" 0WS 80 lmPr0V6d tranS - C,eavin 9 ha Mn ribozyme in which a 
new hel.x (, ... a sequence able to form a double-stranded region with 
another smg.e-stranded nuc.eic acid) is provided in the ribozyme to base- 
pair wrth a 5' region of a separate substrate nucleic acid. This helix is 
provided at the 3' end of the ribozyme after he,ix 3 as shown in EmJ^ In 
add, tlon at least two extra bases may be prov|dQd ^ he| . x 2 an ~. on 

of the substrate corresponding to helix 2 may be either directly linked to the 
5 portion able to hydrogen bond to the 3' end of the hairpin or may have a 
lmk.r of atleast one base. By trans-cleaving Is meant that the ribozyme is 
aWe to act .n trans to cleave another RNA molecule which is not covalently 
tanked to the ribozyme itself. Thus, the ribozyme is not able to act on itself 
<JJ> in an intramolecular cleavage reaction. 

By "base-pair" is meant a nucleic acid that can form hydrogen bondfs) 
wth other RNA sequence by either traditional Watson-Crick or other non- 
tradit.onal types (for example Hoogsteen type) of interactions. 

30 „.!.. ^ e h inCreaSe '? ' en9th ° f he ' iX 2 ° f * halrpl ° rib02 * me < with « without 
30 helix «) has several advantages. These include improved stability of the 

nbozyme-target complex in vivo . In addition, an increase in the 

recogn.t.on sequence of the hairpin ribozyme improves the specificity of the 

nbozyme. This also makes possible the targeting of potential hairpin 

RECTIFIED SHEET (RUtf 9|j 
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ribozyme sites that would otherwise be inaccessible due to neighboring 
secondary structure. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
helix 5) enhances frans-ligation reaction catalyzed by the ribozyme. Trans- 
5 ligation reactions catalyzed by the regular hairpin ribozyme (4 bp helix 2) is 
very inefficient (Komatsu ef a/., 1993 Nucleic Acids Res. 21, 185). This is 
attributed to weak base-pairing interactions between substrate RNAs and 
the ribozyme. By increasing the length of helix 2 (with or without helix 5) 
the rate of ligation {in vitro and in vivo) can be enhanced several fold. 

10 Results of experiments suggest that the length of H2 can be 6 bp 

without significantly reducing the activity of the hairpin ribozyme. The H2 
arm length variation does not appear to be sequence dependent. HP 
. ribozymes with 6 bp H2 have been designed against five different target 
RNAs and all five ribozymes efficiently cleaved their cognate target RNA. 

1 5 Additionally, two of these ribozymes were able to successfully inhibit gene 
expression (e.g., TNF-a) in mammalian cells. Results of these experiments 
are shown below. 

HP ribozymes with 7 and 8 bp H2 are also capable of cleaving target 
RNA in a sequence-specific manner, however, the rate of the cleavage 
20 reaction is lower than those catalyzed by HP ribozymes with 6 bp H2. 

Example 36: 4 and 6 base pair H2 

Referring to Figures 67-72. HP ribozymes were synthesized as 
described above and tested for activity. Surprisingly, those with 6 base 
pairs in H2 were still as active as those with 4 base pairs. 

25 VI. Chemical Modification 

Oligonucleotides with S'-C-alkvl Group 

The introduction of an alkyl group at the S'-position of a nucleoside or 
nucleotide sugar introduces an additional center of chirality into the sugar 
moiety. Referring to Fig. 75 . the general structures of S'-C-alkylnucleotides 
30 belonging to the D-allose, 2, and L-talose, 3, sugar families are shown. 
The family names are derived from the known sugars D-allose and L-talose 
(Ri = CH3 in 2 and 3 in Figure 75). Useful specific D-allose and L-talose 
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nucleotide derivatives are shown in Figure 76. 29-32 and Figure 77, 58- 
61 respectively. 

This invention relates to the use of 5 f -C-alkylnucleotides in 
oligonucleotides, which are particularly useful for enzymatic cleavage of 
5 RNA or single-stranded DNA f and also as antisense oligonucleotides. As 
the term is used in this application, S'-C-alkylnucleotide-containing 
enzymatic nucleic acids are catalytic nucleic molecules that contain 5'-C- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
10 single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 
a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

15 Also within the invention are S'-C-alkylnucleotides which may be 

present in enzymatic nucleic acid or even in antisense oligonucleotides. 
Such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 

20 the 5-C-alkyl group may reduce binding affinity of the oligonucleotide 
containing this modification, if that moiety is not in an essential base pair 
forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 

25 less consequence. Thus, for example, if a 5-C-alkyl-containing molecule 
has 10% the activity of the unmodified molecule, but has 10-fold higher 
stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 

30 the synthesis of such nucleotides and oligonucleotides (examples of which 
are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 5'-Oalkylnucleosides, that 
is a nucleotide base having at the S'-position on the sugar molecule an 
alkyl moiety. In a related aspect, the invention also features 5'-C- 
35 alkylnucleotides, and in preferred embodiments features those where the 
nucleotide is not uridine or thymidine. That is, the invention preferably 
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includes all those nucleotides useful for making enzymatic nucleic acids or 
antisense molecules that are not described by the art discussed above. In 
preferred embodiments, the sugar of the nucleoside or nucleotide is in an 
optically pure form, as the talose or allose sugar. 

5 Examples of various alkyl groups useful in this invention are shown in 

Figure 75 , where each P^ group is any alkyl. These examples are not 
limiting in the invention. Specifically, an 'alkyl* group refers to a saturated 
aliphatic hydrocarbon, including straight-chain, branched-chain, and cyclic 
alkyl groups. Preferably, the alkyl group has 1 to 12 carbons. More 

1 0 preferably it is a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkyl group may be substituted or unsubstituted. Wh n 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 
=0, =S, N0 2 or N(CH 3 ) 2 , amino, or SH. The term also includes alkenyl 
groups which are unsaturated hydrocarbon groups containing at least one 

1 5 carbon-carbon double bond, including straight-chain, branched-chain, and 
cyclic groups. Preferably, the alkenyl group has 1 to 12 carbons. More 
preferably it is a lower alkenyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkenyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano; alkoxy, 

20 =0. =S, N0 2 , halogen, N(CH 3 ) 2 , amino, or SH. The term "alkyl" also 
includes alkynyl groups which have an unsaturated hydrocarbon group 
containing at least one carbon-carbon triple bond, including straight-chain, 
branched-chain, and cyclic groups. Preferably, the alkynyl group has 1 to 
12 carbons. More preferably it is a lower alkynyl of from 1 to 7 carbons, 

25 more preferably 1 to 4 carbons. The alkynyl group may be substituted or 
unsubstituted. When substituted the substituted group(s) is preferably, 
hydroxyl, cyano. alkoxy, =0, =S, NO2 or N(CH 3 ) 2 , amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An •aryl" group refers to an 

30 aromatic group which has at least one ring having a conjugated n electron 
system and includes carbocyclic, aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An 'alkylaryl" group refers to an 

35 alkyl group (as described above) covalently joined to an aryl group (as 
described above. Carbocyclic aryl groups are groups wherein the ring 
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atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 
5 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester* refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

1 0 In other aspects, also related to those discussed above, the invention 

features oligonucleotides having one or more 5'-C-alkylnucleotides; e.g. 
enzymatic nucleic acids having a 5'-C-alkylnucleotide; and a method for 
producing an enzymatic nucleic acid molecule having enhanced activity to 
cleave an RNA or single-stranded DNA molecule, by forming the enzymatic 

15 molecule with at least one nucleotide having at its 5'-position an alkyl 
group. In other related aspects, the invention features 5'-C-alkylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. 

The 5'-C-alkyl derivatives of this invention provide enhanced stability 
20 to the oligonulceotides containing them. While they may also reduce 
absolute activity in an in vitro assay they will provide enhanced overall 
activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

25 In another aspect, the Invention features a method for conversion of a 

protected alio sugar to a protected talo sugar. In the method, the protected 
alio sugar is contacted with triphenyl phosphine, diethylazodicarboxylate, 
and p-nitrobenzoic acid under inversion causing conditions to provide the 
protected talo sugar. While one example of such conditions is provided 

30 below, those in the art will recognize other such conditions. Applicant has 
found that such conversion allows for ready synthesis of all types of 
nucleotide bases as exemplified in the figures. 

While this invention is applicable to all oligonucleotides, applicant has 
found that the modified molecules of this invention are particulary useful for 
35 enzymatic RNA molecules. Thus, below is provided examples of such 
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molecules. Those in the art will recognize that equivalent procedures can 
be used to make other molecules without such enzymatic activity. 
Specifically, Figure 1 shows base numbering of a hammerhead motif in 
which the numbering of various nucleotides in a hammerhead ribozyme is 
5 provided. This is not to be taken as an indication that the Figure is prior art 
to the pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 1, the preferred sequence of a hammerhead ribozyme 
in a 5'- to 3'-direction of the catalytic core is CUGANGAG[base paired 
with]CGAAA. In this invention, the use of 5'-C-alkyl substituted nucleotides 
1 0 that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Substitutions of any nucleotide 
with any of the modified nucleotides shown in Figure 75 are possible. 

The following are non-limiting examples showing the synthesis of 
nucleic acids using 5'-C-alkyl-substituted phosphoramidites and the 
1 5 syntheses of the amidites. 

Example 37; Synthesis of Hammerhead Rih ozvmes Containing S'-^AIkyl- 
nucleotides & Other Modified Nucfantirias 

The method of synthesis would follow the procedure for normal RNA 
synthesis as described in Usman.N.; Ogilvie.K.K.; Jiang.M.-Y.; 

20 Cedergren.R.J. J. Am. Chem. Soo. 1987, 109, 7845-7854 and in 
Scaringe.SA; Franklyn.C.; Usman.N. Nucleic Acids Res. 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 
groups, such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 
3'-end (compounds 26-29 and 56-59). These 5-C-alkyl substituted 

25 phosphoramidites may be incorporated not only into hammerhead 
ribozymes, but also into hairpin, hepatitis delta virus, Group 1 or Group 2 
intron catalytic nucleic acids, or into antisense oligonucleotides. They are, 
therefore, of general use in any nucleic acid structure. 

Example 38: Methvl-2.3-0.lsoDrQovlidine-fi.na oxv-6-D-allofnranosida (A\ 

30 "A suspension of L-rhamnose (100 g, 0.55 mol), CuS0 4 (120 g) and 
cone. H2SO4 (4.0 mL) in 1.0 L of dry acetone was mixed for 24 h at RT, 
then filtered. Cone. NH4OH (5 mL) was added to the filtrate and the newly 
formed precipitate was filtered. The residue was concentrated in vacuo, 
coevaporated with pyridine (2 x 300 mL), dissolved in pyridine (500 mL) 

35 and cooled to 0 °C. A solution of p-tolu nesufonylchloride (107 g , 0.56 
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mmol) in dry DCE (500 mL) was added dropwise over 0.5 h. The reaction 
mixture was left for 16 h at RT. The reaction was quenched by adding ice- 
water (0,5 L) and, after mixing for 0.5 h, was extracted with chloroform (0.75 
L). The organic layer was washed with H2O (2 x 500 mL), 10% H2SO4 (2 x 
5 300 mL) t water (2 x 300 mL), sat. NaHC03 (2 x 300 mL), brine (2 x 300 
mL), dried over MgS04 and evaporated to dryness. The residue (115 g) 
was dissolved in dry MeOH (1 L) and treated with NaOMe (23.2 g, 0.42 
mmol) in MeOH. The reaction mixture was left for 16 h at 20 °C, neutralized 
with dry CO2 and evaporated to dryness. The residue was suspended in 
10 chloroform (750 mL), filtered , concentrated to 100 mL and purified by flash 
chromatography in CHCI3 to yield 45 g (37%) of compound 4. 

Example 39: Methvl>2.3-0-lsoDroDvlidine-5-Of-Butvldiph envlsilvU6- 
P99Xy-B-P'AllQfMr9P9?i^9 (5), 

To solution of methylfuranoside 4 (12.5 g 62.2 mmol) and AgN©3 
15 (21.25 g, 125.0 mmol) in dry DMF (300 mL) f-butyldiphenylsiiyl chloride 
(22.2 g , 81 mmol) was added dropwise under Ar over 0.5 h. The reaction 
mixture was stirred for 4 h at RT, diluted with CHCI3 (200 mL), filtered and 
evaporated to dryness (below 40 °C using a high vacuum oil pump). The 
residue was dissolved in CH2CI2 (300 mL) washed with sat. NaHCC>3 (2 x 
20 50 mL), brine (2 x 50 mL), dried over MgS04 and evaporated to dryness. 
The residue was purified by flash chromatography in CH2CI2 to yield 20.0 
g (75%) of compound 5. 

Example 40: Methvl>5-0-f-Butvldiphenvlsilvl-6-Deoxv-B-D-Al lofuranoside 
ISL 

25 Methylfuranoside 5 (13.5 g, 30.6 mmol) was dissolved in 

CF3COOH:dioxane:H20 / 2:1:1 (v/v/v, 200 mL) and stirred at 24 °C for 45 
m. The reaction mixture was cooled to -10 °C, neutralized with cone. 
NH4OH (140 mL) and extracted with CH2CI2 (500 mL). The organic layer 
was separated, washed with sat. NaHC03 (2 x 75 mL), brine (2 x 75 mL), 

30 dried over MgS04 and evaporated to dryness. The product 6 was purified 
by flash chromatography using 1. 0-10% MeOH gradient In CH2CI2. Yield 
9.0 g (76%). 
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Example 41 : Met hvl-2.3-di-0-BenzQvl-5-0-f-Butvldiphenvlsilvl.fi.nflnxY.p. 
D-Allofuranosid (7V 

Methylfuranoside 6 (7.0 g, 17.5 mrrol) was coevaporated with 
pyridine (2 x 100 mL) and dissolved in pyridine (100 ml_). Benzoyl chloride 
5 (5.4 g, 38.5 mmol) was added and the reaction mixture was left at RT for 1 6 
h. Dry EtOH (50 mL) was added and the reaction mixture was evaporated 
to dryness after 0.5 h. The residue was dissolved in CH2CI2 (300 mL), 
washed with sat. NaHC03 (2 x 75 mL), brine (2 x 75 mL) dried over MgSCU 
and evaporated to dryness. The product was purified by flash 
1 0 chromatography in CH2CI2 to yield 9.5 g (89%) of compound 7. 

Example 42: 1-0-Acetvl-2.3-di-0- benzovl-5-0-f-ButvldiDhenvlsilyUR. 
Deoxv-B-D-Allofuranose (81. 

Dibenzoate 7 (4.7 g, 7.7 mmol) was dissolved in a mixture of AcOH 
(10.0 mL), AC2O (20.0 mL) and EtOAc (30 mL) and the reaction mixture was 

15 cooled 0°C. 98% H2SO4 (0.15 mL) was then added. The reaction mixture 
was kept at 0 °C for 16 h, and then poured into a cold 1:1 mixture of sat. 
NaHC03 and EtOAc (150 mL). After 0.5 h of vigorous stirring the organic 
phase was separated, washed with brine (2 x 75 mL), dried over MgS04, 
evaporated to dryness and coevaporated with toluene (2 x 50 mL). The 

20 product was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH2CI2. Yield: 4.0 g (82% as a mixture of a and B isomers). 

Example 43: l-^'.S'-di-O-Benzovl-S'-O-f-Butvl diDhenvlsilvl-e'-DQoxv-p-n- 
Allofuranosynuracil 19). 

Uracil (1.44 g, 11.5 mmol) was suspended in mixture of 
25 hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT, evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of acetates 8 (6.36 g, 10.0 mmol) in dry CH3CN (100 mL), followed 
30 by GF3S03SiMe3 (2.8 g, 12.6 mmol). The reaction mixture was kept at 24 
°C for 16 h, concentrated to 1/3 of its original volume, diluted with 100 mL 
of CH2CI2 and extracted with sat. NaHC03 (2 x 50 mL), brine (2 x 50 mL) 
dried over MgS04, and evaporated to dryness. The product 9 was purified 
by flash chromatography using a gradient of 0-5% MeOH in CH2CI2. Yield: 
35 5.7 g (80%). 
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Example 44: /^-Benzovl.1^2'.3'.Di.O.Ben20vl .5'.O.f.Rutvldi D henv/lsiM.fi'. 
Deoxv-p-D-AllofuranosvnCvtosine M 01 

A^-benzoylcytosine (1.84 g, 8.56 mmol) was suspended in mixture of 
hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
5 reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL), followed 
by CF 3 S03SiMe3 (4.76 g, 21.4 mmol). The reaction mixture was boiled 
1 0 under reflux for 5 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHC03 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgSC>4 and evaporated to dryness. 
Purification by flash chromatography using a gradient of 0-5% MeOH in 
CH2CI2 yielded 1.8 g (55%) of compound 10. 

15 Example 45; /vS-Benzovl-9-f2'.3'-di.Q- Benzovl.5'.n.f.ButvldiDhflnvlsilyl.fi'. 
Deoxv-B-D-Allofuranosvhadenine ( 1 1 ). 

A^-benzoyladenine (2.86 g, 11.86 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (7 h) occurred, and then for an additional 

20 hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL) followed 
by CF3S0 3 SiMe3 (6.59 g, 29.7 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 

25 diluted with CH2CI2 (100 mL) and extracted with sat. NaHC03 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. The 
product 1 1 was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH2CI2. Yield: 2.7 g (60%). 

Example 46: Ag-lsobutvrvl.9.f2'.3'.di.O.Ben2ovl.fi'. O.NBut v ldinh fl n V i s ii Y i. 
30 6'-Deoxv>6.p.AHof uranosvhguanine f 1 2\. 

" A/2-lsobutyrylguanine (1.47 g . 11.2 mrrol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (6 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
35 coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
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solution of of acetates 8 (3.4 g, 5.3 mmol) in dry CH 3 CN (100 mL) followed 
by CF 3 S0 3 SiMe 3 (6.22 g, 28.0 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volum 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHC0 3 (2 x 50 mL), 
5 brine (2 x 50 mL) dried over MgS0 4 and evaporated to dryness. The 
product 12 was purified by flash chromatography using a gradient of 0-2% 
MeOH in CH 2 CI 2 . Yield: 2.1 g (54%). 

Example 47: Ag»Benzovl.9.r2'.3 > .dUn.ban2ovl.fi'.n fl n xv.R. D .Allnf l ir fln? . 
svnadanine MB1. 

1 0 Nucleoside 1 1 (1.65 g, 2.0 mmol) was dissolved in THF (50 mL) and 

a 1 M solution of TBAF in THF (4 mL) was added. The reaction mixture was 
kept at RT for 4 h, evaporated to dryness and the product purified by flash 
chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 to yield 1.0 g 
(85%) of compound 15. 

15 Example 48: /vfi-Benzovl-9-r2 > .3'-di.Q.Bfln y ov|.5'.O.DimAth T?X Y t r j tY |. ff -. 
Deoxv-B-D-Allof uranosyh-adenina f1 Q\ 

Nucleoside 15 (0.55 g, 0.92 mmol) was dissolved in dry CH2CI2 (50 
mL). AgN0 3 (0.34 g, 2.0 mmol), dimethoxytrityl chloride (0.68 g, 2.0 mmol) 
and sym-colfidine (0.48 g) were added under Ar. The reaction mixture was 
20 stirred for 2h, diluted with CH 2 CI 2 (100 mL), filtered, evaporated to dryness 
and coevaporated with toluene (2 x 50 mL). Purification by flash 
chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 yielded 0.8 g 
(97%) of compound 19. 

Example 49: A^-Benzovl-9-r-5'-O.Dimat hoxvtritvl-6 , .n9o Xv .R-D.AHn- 
25 furanosvltedanina IM\ 

Nucleoside 19 (1.8 g, 2 mmol) was dissolved in dioxane (50 mL), 
cooled to 0 °C and 2 M NaOH (50 mL) was added. The reaction mixture 
was kept at 0 °C for 45 m, neutralized with Dowex 50 (Pyr+ form), filtered 
and the resin was washed with MeOH (2 x 50 mL). The filtrate was then 
30 evaporated to dryness. Purification by flash chromatography using a 
gradient of 0-10% MeOH in CH2CI2 yielded 1.1 g (80%) of 23. 
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Example 50: A£-Benzovl-9^5^Q-Dimeth^ 
6^Deoxv-ft-D-Allofuranosvnadanine (27) . 

Nucleoside 23 (1.2 g, 1.8 mmol) was dissolved in dry THF (50 mL). 
Pyridine (0.50 g ( 8 mmol) and AgNC>3 (0*4 g, 2.3 mmol) were added. After 
5 the AgN03 dissolved (1.5 h), f-butyldimethylsilyl chloride (0.35 g , 2.3 
mmol) was added and the reaction mixture was stirred at RT for 16 h. The 
reaction mixture was diluted with CH2CI2 (100 mL), filtered into sat. 
NaHC03 (50 mL), extracted, the organic layer washed with brine (2 x 50 
mL), dried over MgS04 and evaporated to dryness. The product 27 was 
10 purified by flash chromatography using a hexanes:EtOAc / 7:3 gradient. 
Yield: 0.7 g (50%). 

Example 51 : Ag^Benzovl^r^^O-Dimetho^ritvl^^O-f-butyldimflthYifiilyL 
6 , -Deoxv-B-D-AHofuranosvnadenine-3'-(2>Cvanoethvl A/.A/-d iisopropvl- 
phosohoramiditel /31V 

15 Standard phosphitylation of 27 according to Scaringe.S.A.; 

Franklyn.C; Usman.N. Nucleic Acids Res. 1990, 18, 5433-5441 yielded 
phosphoramidite 31 in 73% yield 

Example 52: Methvl-5-Op-Nitroben2QvN2.3-0-lsopropvlidin e-6-deoxv-p-L- 

TallQfuranosidq (5) 

20 Methylfuranoside 4 (3.1 g 14.2 mmol) was dissolved in dry dioxane 

(200 mL), p-nitrobenzoic acid (10.0 g, 60 mmol) and triphenylphosphine 
(15.74 g, 60.0 mmol) were added followed by DEAD (10.45 g, 60.0 mmol). 
The reaction mixture was left at RT for 16 h, EtOH (5 mL) was added, and 
after 0.5 h the reaction mixture was evaporated to dryness. The residue 

25 was dissolved in CH2CI2 (300 mL) washed with sat. NaHC03 (2 x 75 mL), 
brine (2 x 75 mL) dried over MgSCU and evaporated to dryness. 
Purification by flash chromatography using a hexanes:EtOAc / 9:1 gradient 
yielded 4.1 g (78%) of compound 33. Subsequent debenzoylation 
(NaOMe/MeOH) and silylation (see preparation of 5) led to L- 

30 talofuranoside 34 which was converted to phosphoramidites 58-61 using 
the same methodology as described above for the preparation of the 
phosphoramidites of the D-allo-isomers 29-32. 

The alky! substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
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or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedur 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et al., PCT WO 94/ 02595. 

5 The ribozymes and the target RNA containing site 0 were 

synthesized, deprotected and purified as described above. RNA cleavage 
assay was carried our at 37°C in the presence of 10 mM MgCl2 as 
described above. 

Applicant has substituted 5'-C-Me-L-talo nucleotides at positions A6, 
1 0 A9, A9 + G10, C1 1 .1 and C1 1 .1 + G10, as shown in Figure 78 (HH-01 to 
HH-05). HH-0 1,2,4 and 5 showed almost wild type activity (Figure 79). 
However, HH-03 demonstrated low catalytic activity. Ribozymes HH-01, 
2, 3, 4 and 5 are also extremely resistant to degradation by human 
serum nucleases. 

15 Oligonucleotides with 2'.D aoxv.2'.AIkvlnuclflo^ 

This invention uses 2'-deoxy-2'-alkylnucleotides in oligonucleotides, 
which are particularly useful for enzymatic cleavage of RNA or single- 
stranded DNA, and also as antisense oligonucleotides. As the term is used 
in this application, 2'-deoxy-2'-alkylnucleotide-containing enzymatic 

20 nucleic acids are catalytic nucleic molecules that contain 2'-deoxy-2'- 
alkylnuclectide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 

25 a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

Also within the invention are 2'-deoxy-2'-alkylnucleotides which may 
be present in enzymatic nucleic acid or even in antisense oligonucleotides. 

30 Contrary to the findings of De Mesmaeker et al. applicant has found that 
such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 
the 2'-alkyl group may reduce binding affinity of the oligonucleotide 

35 containing this modification, if that moiety is not in an essential base pair 
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forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 
less cons_quence. Thus, for example, if a 2'-deoxy-2'-alkyl-containing 
5 molecule has 10% the activity of the unmodified molecule, but has 10-fold 
higher stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 
the synthesis of such nucleotides and oligonucleotides (examples of which 
1 0 are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 2'-deoxy-2'- 
alkylnucleotides, that is a nucleotide base having at the 2'-position on the 
sugar molecule an alkyl moiety and in preferred embodiments features 
those where the nucleotide is not uridine or thymidine. That is, the 
15 invention preferably includes all those nucleotides useful for making 
enzymatic nucleic acids or antisense molecules that are not described by 
the art discussed above. 

Examples of various alkyl groups useful in this invention are shown in 
Figure 81, where each R group is any alkyl. The term "alkyl" does not 
20 include alkoxy groups which have an "-O-alkyl" group, where "alkyl" is 
defined as described above, where the O is adjacent the 2'-position of the 
sugar molecule. 

In other aspects, also related to those discussed above, the invention 
features oligonucleotides having one or more 2'-deoxy-2'-alkylnucleotides 

25 (preferably not a 2'-alkyl- uridine or thymidine); e.g. enzymatic nucleic 
acids having a 2'-deoxy-2'-alkylnucleotide; and a method for producing an 
enzymatic nucleic acid molecule having enhanced activity to cleave an 
RNA or single-stranded DNA molecule, by forming the enzymatic molecule 
with at least one nucleotide having at its 2'-position an alkyl group. In other 

30 related aspects, the invention features 2'-deoxy-2'-alkylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. 

The 2'-alkyl derivatives of this invention provide enhanced stability to 
the oligonulceotides containing them. While they may also reduce 
35 absolute activity in an in vitro assay they will provide enhanced overall 
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activity in vivo. Below are provided assays to determine which such 
molecules are us ful. Those in the art will recognize that equivalent 
assays can be readily devised. 

In another aspect, the invention features hammerhead motifs having 
5 enzymatic activity having ribonucleotides at locations shown in Figure 80 at 
5, 6, 8, 12, and 15.1, and having substituted ribonucleotides at other 
positions in the core and in the substrate binding arms if desired. (The term 
"core" refers to positions between bases 3 and 14 in Figure 80, and the 
binding arms correspond to the bases from the 3'-end to base 15.1, and 
1 0 from the 5'-end to base 2). Applicant has found that use of ribonucleotides 
at these five locations in the core provide a molecule having sufficient 
enzymatic activity even when modified nucleotides are present at other 
sites in the motif. Other such combinations of useful ribonucleotides can be 
determined as described by Usman et al. supra. 

1 5 Figure 80 shows base numbering of a hammerhead motif in which the 

numbering of various nucleotides in a hammerhead ribozyme is provided. 
This is not to be taken as an indication that the Figure is prior art to the 
pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 80 the preferred sequence of a hammerhead ribozyme 

20 in a 5'- to 3'-direction of the catalytic core is CUGANGAGfbase paired 
withJCGAAA. In this invention, the use of 2'-C-alkyl substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in Figure 81 are 

25 possible, and were indeed synthesized, the basic structure composed of 
promarily 2'-0-Me nucleotides weth selected substitutions was chosen to 
maintain maximal catalytic activity (Yang ef al. Biochemistry 1992, 31, 
5005-5009 and Paolella era/. , EMBOJ. 1992, 11, 1913-1919) and ease 
of synthesis, but is not limiting to this invention. 

30 Ribozymes from Figure 80 and Table 45 were synthesized and 

assayed for catalytic activity and nuclease resistance. With the exception 
of entries 8 and 17, all of the modified ribozymes retained at lease 1/10 of 
the wild-type catalytic activity. From Table 45, all 2'-modified ribozymes 
showed very larg and significant increases in stability in human serum 

35 (shown) and in the other fluids describ d below (Example 55, data not 
shown). The order of most agressive nuclease activity was fetal bovine 
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serum, > human serum >human plasma > human synovial fluid. As an 
overall measure of the effect of these ^-substitutions on stability and 
activity, a ratio 6 was calculated (Table 45). This 8 value indicated that all 
modified ribozymes tested had significant, >100 - >1700 fold, increases in 
5 overall stability and activity. These increases in 8 indicate that the lifetime 
of these modified ribozymes in vivo are significantly increased which 
should lead to a more pronounced biological effect. 

More general substitutions of the 2'-modified nucleotides from Figure 
81 also increased the ti/2 of the resulting modified ribozymes. 
10 However the catalytic activity of these ribozymes was 
decreased > 10-fold. 

In Figure 86 compound 37 may be used as a general 
intermediate to prepare derivatized 2'C-alkyl phosphoramidites, 
where X is CH3, or an alkyl, or other group described above. 

15 The following are non-limiting examples showing the synthesis of 

nucleic acids using 2'-Oalkyl substituted phosphoramidites, the syntheses 
of the amidites, their testing for enzymatic activity and nuclease resistance. 

Example 53: Synthesis of Hammerhead Ribozymes Contai ning 2 , -Deoxy- 
2 , -Alkvlnucleotides & Other 2'-Modified Nucleotides 

20 The method of synthesis used generally follows the procedure for 

normal RNA synthesis as described in Usman.N.; Ogilvie,K.K.; Jiang,M.-Y.; 
Cedergren.RJ. J. Am. Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe.SA; Franklyn.C.; Usman.N. Nucleic Acids Res, 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 

25 groups, such as dimethoxytrityl at the S'-end, and phosphoramidites at the 
3'-end (compounds 10, 12, 17, 22, 31, 18, 26, 32, 36 and 38). Other 
2'-modified phosphoramidites were prepared according to; 3 & 4, Eckstein 
ef ai international Publication No. WO 92/07065; and 5 Kois et a/. 
Nucleosides & Nucleotides 1993, 12, 1093-1109. The average stepwise 

30 coupling yields were -98%. The 2 , -substituted phosphoramidites were 
incorporated into hammerhead ribozymes as shown in Figure 80. 
However, these 2'-alkyl substituted phosphoramidites may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group I or Group II intron catalytic nucleic acids, or into antisense 
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oligonucleotides. They are, therefore, of general use in any nucleic acid 
structure. 

Example 54: Ribozvma Activity Assay 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5'- 
5 end labeled ribozymes (-36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 8 C, separately. Ribozyme stock solutions 
were 1 mM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
concentrations were - 1 nM. Total reaction volumes were 50 mL. The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCfc. Reactions were 
1 0 initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
mL were removed at time points of 1, 5, 15, 30, 60 and 120 m. Each time 
point was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
performed using a phosphorimager (Molecular Dynamics). 

15 Example 55: Stability Assay 

500 pmol of gel-purified 5'-end-labeled ribozymes were precipitated 
in ethanol and pelleted by centrifugation. Each pellet was resuspended in 
20 mL of appropriate fluid (human serum, human plasma, human synovial 
fluid or fetal bovine serum) by vortexing for 20 s at room temperature. The v 

20 samples were placed into a 37 °C incubator and 2 mL aliquots w re 
withdrawn after incubation for 0, 15, 30, 45. 60, 120, 240 and 480 m. 
Aliquots were added to 20 mL of a solution containing 95% formamide and 
0.5X TBE (50 mM Tris, 50 mM borate, 1 mM EDTA) to quench further 
nuclease activity and the samples were frozen until loading onto gels. 

25 Ribozymes were size-fractionated by electrophoresis in 20% 
acrylamide/8M urea gels. The amount of intact ribozyme at each time point 
was quantified by scanning the bands with a phosphorimager (Molecular 
Dynamics) and the half-life of each ribozyme in the fluids was determined 
by plotting the percent intact ribozyme vs the time of incubation and 

30 extrapolation from the graph. 

Example 56; 3 , .5'-Orretraisopropvl.disiloxan fl .i s -divn-g-.^PhflnnYv^i*- 
carbonvl-Uridine m 

To a stirred solution of 3',5'-0-(tetraisopropyl-disiloxane-1,3-diyl)- 
uridine, 6, (15.1 g, 31 mmol, synthesized according to Nucleic Acid 
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pyridine (7.57 g ( 62 mmol) a solution of phenylchlorothionoformate (5.15 
mL, 37.2 mmol) in 50 mL of acetonitrile was added dropwise and the 
reaction stirred for 8 h. TLC (EtOAc:hexanes / 1:1) showed disappearance 
5 of the starting material. The reaction mixture was evaporated, the residue 
dissolved in chloroform, washed with water and brine, the organic layer 
was dried over sodium sulfate, filtered and evaporated to dryness. The 
residue was purified by flash chromatography on silica gel with 
EtOAc:hexanes / 2:1 as eluent to give 16.44 g (85%) of 7. 

10 Example 57: 3\5^Q-fTetraisoDroovl>disiloxane-1 .a- divh-^-C-Allvl -Uridine 
131 

To a refluxing, under argon, solution of S'.S'-O^tetraisopropyl- 
disiloxane-1,3-diyl)-2'-0-phenoxythiocarbonyl-uridine, 7, (5 g, 8.03 mmol) 
and allyltributyltin (12.3 mL, 40.15 mmol) in dry toluene, benzoyl peroxide 
15 (0.5 g) was added portionwise during 1 h. The resulting mixture was 
allowed to reflux under argon for an additional 7-8 h. The reaction was 
then evaporated and the product 8 purified by flash chromatography on 
silica gel with EtOAc:hexanes / 1:3 as eluent. Yield 2.82 g (68.7%). 

Exempt §8: S'-O-PimgthQxytrityl-S'-g-AilyHJri^ing (9) 

20 A solution of 8 (1.25 g, 2.45 mmol) in 10 mL of dry tetrahydrofuran 

(THF) was treated with a 1 M solution of tetrabutylammoniumfluoride in 
THF (3.7 mL) for 10 m at room temperature. The resulting mixture was 
evaporated, the residue was loaded onto a silica gel column, washed with 
1 L of chloroform, and the desired deprotected compound was eluted with 

25 chloroform:methanol / 9:1. Appropriate fractions were combined, solvents 
removed by evaporation, and the residue was dried by coevaporation with 
dry pyridine. The oily residue was redissolved in dry pyridine, 
dimethoxytritylchloride (1.2 eq) was added and the reaction mixture was 
left under anhydrous conditions overnight. The reaction was quenched 

30 with methanol (20 mL), evaporated, dissolved in chloroform, washed with 
5% aq. sodium bicarbonate and brine. The organic layer was dried over 
sodium sulfate and evaporated. The residue was purified by flash 
chromatography on silica gel, EtOAc:hexanes / 1:1 as eluent, to give 0.85 g 
(57%) of 9 as a white foam. 
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Example 59: 5'-0-Dim9thoxvtritvl. r-C-Allvl-Uridine 3'.K>.r. y a nn Q th Y i m aj. 
diisoDropylphosp horamidita^ f10) 

5'-0-Dimethoxytrityl-2'-C-allyl-uridine (0.64 g, 1.12 mmol) was 
dissolved in dry dichloromethane under dry argon. A/,A/-Diisopropylethyl- 
5 amine (0.39 mL, 2.24 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl A/,AWiisopropylchlorophosphoramidite (0.35 mL, 1.57 mmol) 
was added dropwise to the stirred reaction solution and stirring was 
continued for 2 h at RT. The reaction mixture was then ice-cooled and 
quenched with 12 mL of dry methanol. After stirring for 5 m, the mixture 
1 0 was concentrated in vacuo (40 °C) and purified by flash chromatography 
on silica gel using a gradient of 10-60% EtOAc in hexanes containing 1% 
triethylamine mixture as eluent. Yield: 0.78 g (90%), white foam. 

Example 60: y.S'-O-netraisoproDvi-disiloYfl ne-l ■3-rii Y i).9'.r-Aii Y i.Ai4. 
Acstvl-Cvtidinft H11 

1 5 Triethylamine (6.35 mL. 45.55 mmol) was added dropwise to a stirred 

ice-cooled mixture of 1 ,2,4-triazole (5.66 g, 81.99 mmol) and phosphorous 
oxychloride (0.86 mL, 9.11 mmol) in 50 mL of anhydrous acetonitrile. To 
the resulting suspension a solution of 3\5'-0-(tetraisopropyl-disiloxane- 
1,3-diyl)-2'-C-allyl uridine (2.32 g, 4.55 mmol) in 30 mL of acetonitrile was 

20 added dropwise and the reaction mixture was stirred for 4 h at room 
temperature. The reaction was concentrated in vacuo to a minimal volume 
(not to dryness). The residue was dissolved in chloroform and washed with 
water, saturated aq. sodium bicarbonate and brine. The organic layer was 
dried over sodium sulfate and the solvent was removed in vacuo. The 

25 resulting foam was dissolved in 50 mL of 1 ,4-dioxane and treated with 29% 
aq. NH 4 OH overnight at room temperature. TLC (chlorofomrmethanol / 
9:1) showed complete conversion of the starting material. The solution was 
evaporated, dried by coevaporation with anhydrous pyridine and 
acetylated with acetic anhydride (0.52 mL, 5.46 mmol) in pyridine 

30 overnight. The reaction mixture was quenched with methanol, evaporated, 
the- residue was dissolved in chloroform, washed with sodium bicarbonate 
and brine. The organic layer was dried over sodium sulfate, evaporated to 
dryness and purified by flash chromatography on silica gel (3% MeOH in 
chloroform). Yield 2.3 g (90%) as a white foam. 
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Example 61: 5^0-DimethQXvtrityl-2'-C-Allvl>A d-Acetvl-Cytidine 

This compound was obtained analogously to the uridine derivative 9 
in 55% yield. 

Example 62: 5 l -0-DimQthoxvtritvl.2 , -C-allvl-Ml.Acetvl>Cvtidine a'-/g- 
5 Cvanoethvl A/./V-diisopropvlphosphoramiditel H21 

^-O-Dimethoxytrityl-a'-C-allyl-A^-acetyl cytidine (0.8 g, 1.31 mmol) 
was dissolved in dry dichloromethane under argon. A/,A/-Diisopropylethyl- 
amine (0.46 mL, 2.62 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl A/,A/-diisopropylchlorophosphoramidite (0.38 mL, 1.7 mmol) 

10 was added dropwise to a stirred reaction solution and stirring was 
continued for 2 h at room temperature. The reaction mixture was then ice- 
cooled and quenched with 12 mL of dry methanol. After stirring for 5 m f the 
mixture was concentrated In vacuo (40 °C) and purified by flash 
chromatography on silica gel using chloroform:ethanol / 98:2 with 2% 

1 5 triethylamine mixture as eluent. Yield: 0.91 g (85%), white foam. 

Example 63: 2 , -Deoxv-2 > -Methvlene-Uridine 

2'-Deoxy-2 , -methylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)- 
uridine 14 (Hansske.F.; Madej.D.; Robins.M. J. Tetrahedron 1984, 40, 125 
and Matsuda.A.; Takenuki.K.; Tanaka,S.; Sasaki.T.; Ueda,T. J. Med. Chem. 
20 1991, 34, 812) (2.2 g, 4.55 mmol ) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (10 mL) for 20 m and concentrated. in vacuo. The 
residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2 , -Deoxy-2 , -methylene-uridine (1.0 g, 3.3 mmol, 72.5%) 
was eluted with 20% MeOH in CH 2 CI 2 . 

25 Example 64: 5^DMT-2^Peoxv-2^Methvlene-Uridine ns) 

2'-Deoxy-2'-methylene-uridine (0.91 g f 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI in pyridine (10 mL) was added 
dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
30 concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHC03, water and brine. The organic extracts were 
dried over MgSCU, concentrated in vacuo and purified over a silica gel 
column using EtOAc:hexan s as eluant to yield 15 (0.43 g f 0.79 mmol, 
22%). 
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Example 65; 5'-(>PMT-2'-DflOW-^Methvlenfl4iriHi n e 3'.f9.p. m ?ft thy | 
/V./V-diisonronv/lphosphoramiriitftl (^7) 

l^a'-Deoxy^'-methylene-S'-O-dimethoxytrityl-p-o-ribofuranosyl)- 
uracil (0.43 g, 0.8 mmol) dissolved In dry CH 2 CI 2 (15 mL) was placed in a 
round-bottom flask under Ar. Diisopropylethylamine (0.28 mL, 1.6 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl A/,A/-diiso- 
propylchlorophosphoramidite (0.25 mL, 1.12 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.3 g, 0.4 
mmol, 50%) was purified by flash column chromatography over silica gel 
using a 25-70% EtOAc gradient in hexanes, containing 1% triethylamine, 
aseluant. Rf 0.42 (CH 2 CI 2 : MeOH / 15:1) 

Example 66: 2'-PeoxY-2'-Pifluoromethvi e n e ..y fi'-n.(To t ra i Soprnny | ri i a ii ftY . 
ane-1 .3-divn-Uririinft 

15 2 , -Keto-3\5'-0-(tetraisopropyldisiloxane-1,3-diyl)uridine 14 (1.92 g, 

12.6 mmol) and triphenylphosphine (2.5 g, 9.25 mmol) were dissolved in 
diglyme (20 mL), and heated to a bath temperature of 160 °C. A warm (60 
°C) solution of sodium chlorodifluoroacetate in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 

20 resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH 2 CI 2 and chromatographed over silica gel. 2'^ 

Deoxy-2 , -difluoromethylene-3',5 , -0-(tetraisopropyldisiloxane-1,3-diyl)- 
uridine (3.1 g, 5.9 mmol, 70%) eluted with 25% hexanes in EtOAc. 

Example 67: 2'-DflOXV-2'.Diflunrnt T1 Q thvlenfl.tlririjp ft 

25 Z'-Deoxy^'-methylene-S'.S'-O-^etraisopropyldisiloxane-l ,3-diyl)- 

uridine (3.1 g, 5.9 mmol) dissolved in THF (20 mL) was treated with 1 M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column. 
2 , -Deoxy-2 , -difluoromethylene-uridine (1.1 g, 4.0 mmol, 68%) was eluted 

30 with-20% MeOH in CH 2 CI 2 . 

Example 68: 5'-0-nMT.2 l .D e nw.9'.njf| UQr0 m fl thvl an Q .Uridin fl Hft ) 

2 , -Deoxy-2'-difluoromethylene-uridine (1.1 g, 4.0 mmol) was 
dissolv d in pyridine (10 mL) and a solution of DMT-CI (1.42 g, 4.18 mmol) 
in pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
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was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHC03 f water and brine. The 
organic extracts were dried over MgSO^ concentrated in vacuo and 
5 purified over a silica gel column using 40% EtOAc:hexanes as eluant to 
yield S'-O-DMT^'-deoxy^'-difluoromethylene-uridine 16 (1.05 g, 1.8 
mmol, 45%). 

Example 69: S'-O-DMT^^Deoxv-^Difluoromethvlene-Uridine 3'-(2- 
Cvanoethvl /V.A/-diisopropvlph osphoramid'rte) M81 

1 0 1 -(2 , -Deoxy-2 , -difluoromethylene-5 , -C>dimethoxytrityl-p-D-ribofurano- 

syl)-uracil (0.577 g, 1 mmol) dissolved in dry CH2CI2 (15 mL) was placed in 
a round-bottom flask under Ar. Diisopropylethylamine (0.36 mL, 2 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl A/,A/-diiso- 
propylchlorophosphoramidite (0.44 mL, 1.4 mmol). The reaction mixture 

1 5 was stirred for 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.404 g, 0.52 
mmol, 52%) was purified by flash chromatography over silica gel using 20- 
50% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.48 (CH2CI2: MeOH/ 15:1). 

20 Example 70: 2 , -Deoxv-2'-Methvlene-3 , .5 , -0-rretraisoD roDvldisiloxane-l .3- 

<jiyi>-4-A/>Acetyl-CytidiP9 30 

Triethylamine (4.8 mL, 34 mmol) was added to a solution of POCI3 
(0.65 mL, 6.8 mmol) and 1 ,2,4-triazole (2.1 g, 30.6 mmol) in acetonitrile (20 
mL) at 0 °C. A solution of 2'-deoxy-2 , -methylene-3\5 , -0-(tetraisopropyldi- 

25 siloxane-1 ,3-diyl) uridine 19 (1.65 g, 3.4 mmol) in acetonitrile (20 mL) was 
added dropwise to the above reaction mixture and left to stir at room 
temperature for 4 h. The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHC03 (1 x 100 mL). The 
organic extracts were dried over Na2S04 concentrated in vacuo, dissolved 

30 in dioxane (10 mL) and aq. ammonia (20 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (3 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 
NaHC03 (5 mL). The mixture was concentrated in vacuo, dissolved in 

35 CH2CI2 (2 x 100 mL) and washed with 5% NaHC03 (1 x 100 mL). The 
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organic extracts were dried over NaaSO* concentrated in vacuo and the 
residue chromatographed over silica gel. ^-Deoxy-a'-methylene-S'.S'-O- 
(tetraisopropyldisiloxane-1,3-diyl)-4-A/-acetyl-cytidine 20 (1.3 g. 2.5 mmol, 
73%) was eiuted with 20% EtOAc in hexanes. 

5 Example 71: 1.r2'.Deoxv.2'.Methvlen6.fi'.O.DimethQyvtri tv|.B.D.ribn. 
furanosvlM-/v-Acatvl-Cvtosine 21 

2'-Deoxy-2 , -methylene-3 , ,5'-0-(tetraisopropyldisiloxane-1,3-diyl)-4-/V- 
acetyl-cytidine 20 (1.3 g, 2.5 mmol) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The 

1 0 residue was triturated with petroleum ether and chromatographed on silica 
gel column. 2*-Deoxy-2'-methylene-4-/v-acetyl-cytidine (0.56 g, 1.99 mmol, 
80%) was eiuted with 10% MeOH in CH 2 CI 2 . 2'-Deoxy-2'-methylene-4-/V- 
acetyl-cytidine (0.56 g, 1.99 mmol) was dissolved in pyridine (10 mL) and a 
solution of DMT-CI (0.81 g, 2.4 mmol) in pyridine (10 mL) was added 

15 dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHC03 (50 mL), water (50 mL) and brine (50 mL). The 
organic extracts ware dried over MgS04, concentrated in vacuo and 

20 purified over a silica gel column using EtOAc:hexanes / 60:40 as eluant to 
yield 21 (0.88 g, 1 .5 mmol, 75%). 

Example 72: 1-(2 , »Deoxv-2 , -Methvlene-5'.Q.Dim 6 thft X vtritvl.fl-D.rihn. 
furanosvlM-/V-Acetvl-Cvtosine 3V2-Cvanoethvl. A/./v.diisonrnp y i phncphnr. 
amiditel (221 

25 1 -(2 , -Deoxy-2 , -methylene-5*-0-dimethoxytrityl-p-o-ribof uranosyl)-4-/v- 

acetyl-cytosine 21 (0.88 g, 1.5 mmol) dissolved in dry CH2CI2 (10 mL) was 
placed in a round-bottom flask under Ar. Diisopropylethylamine (0.8 mL, 
4.5 mmol) was added, followed by the dropwise addition of 2-cyanoethyl 
A/,A/-diisopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The reaction 

30 mixture was stirred 2 h at room temperature and quenched with ethanol (1 
mL). After 10 m the mixture evaporated to a syrup in vacuo (40 °C). The 
product 22 (0.82 g, 1.04 mmol, 69%) was purified by flash chromatography 
over silica gel using 50-70% EtOAc gradient in hexanes, containing 1% 
triethylamine, as eluant. Rf 0.36 (C^CfrMeOH / 20:1). 
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Example 73: 2'>DeQXV-2 , -DifluorQmethvlenQ-a\5'-O.^Tatrai ?? pr 9 pyl 
disilQxane^l .3-divlV4-A/-AcQtvl-Cvtidine (2A\ 

Et3N (6.9 mL, 50 mmol) was added to a solution of POCI3 (0.94 mL ( 
10 mmol) and 1 ,2,4-triazole (3.1 g ( 45 mmol) in acetonitrile (20 mL) at 0 °C. 
5 A solution of 2 , -deoxy-2 , -difluoromethylene-3 , ,5 , -0-(tetraisopropyldisilox- 
ane-1,3-diyl)uridine 23 ([described in example 14] 2.6 g, 5 mmol) in 
acetonitrile (20 mL) was added dropwise to the above reaction mixture and 
left to stir at RT for 4 h. The mixture was concentrated in vacuo, dissolved 
in CH2CI2 (2 x 100 mL) and washed with 5% NaHCOa (1 x 100 mL). The 

1 0 organic extracts were dried over Na2S04 concentrated in vacuo, dissolved 
in dioxane (20 mL) and aq. ammonia (30 mL), The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (5 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 

15 NaHC03 (5mL). The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHC03 (1 x 100 mL). The 
organic extracts were dried over Na2S04, concentrated in vacuo and the ) 
residue chromatographed over silica gel. ^-Deoxy^'-difluoromethylene- '/ 
S'.S'-O-Oetraisopropyldisiloxane-I.S-diyO^-A^acetyl-cytidine 24 (2.2 g, 3.9 

20 mmol, 78%) was eluted with 20% EtOAc in hexanes. 

Example 74: 1 -(2 , -Deoxv-2 , >Difluoromethvlene-5 , -Q- Dimethoxvtritvl-p-D> 
ribofuranosvlM-AlAcetvl-Cvtosine (251 

2 , -Deoxy-2'-difluoromethylene-3 , ( 5 , -0-(tetraisopropyldisiloxane-1 f 3- 
diyl)-4-W-acetyl-cytidine 24 (2.2 g, 3.9 mmol) dissolved in THF (20 mL) was 

25 treated with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Oeoxy-2'-difluoromethylene-4-A/-acetyl-cytidine (0.89 
g, 2.8 mmol, 72%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2'- 
difluoromethylene-4-A/-acetyl-cytidine (0.89 g, 2.8 mmol) was dissolved in 

30 pyridine (10 mL) and a solution of DMT-CI (1.03 g, 3.1 mmol) in pyridine 
(10 mL) was added dropwise over 15 m. The resulting mixture was stirred 
at RT for 12 h and MeOH (2 mL) was added to quench the reaction. The 
mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat, NaHC03 (50 mL) ( water (50 mL) and brine 

35 (50 mL). The organic extracts were dried over MgS04, concentrated in 
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vacuo and purified over a silica gel column using EtOAc:hexanes / 60:40 
as eluant to yield 25 (1.2 g, 1.9 mmol. 68%). 

Example 75; 1 -(2'-Deoxv-2'-Difluorom fl th v l« ne-5'-flLnim^hoxvtritvl.p.n. 
ribpfurap0SVQ-4-/V-AcetVlcVtOSine 3^2^vannftthy| .N.N.diisnp mp Y l r h»e_ 
5 Dhoramiditel (261 

1-(2 , .Deoxy.2 , .difluoromethylene-5 , -0.dimethoxytrityl-p-D-ribofurano- 
syl)-4-A/-acetylcytosine 25 (0.6 g, 0.97 mmol) dissolved in dry CH 2 CI 2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 
(0.5 mL, 2.9 mmol) was added, followed by the dropwise addition of 2- 

10 cyanoethyl /Wdiisopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). The 
product 26, a white foam (0.52 g, 0.63 mmol, 65%) was purified by flash 
chromatography over silica gel using 30-70% EtOAc gradient in hexanes, 

1 5 containing 1 % triethylamine, as eluant. R f 0.48 (CH 2 CI 2 :MeOH / 20:1 ). 

Example 76: 2'-Keto-3' .S'-Q.fT e tr a k«prnny|di S ii Q y fln<> .i ^^l^ 
Butvlben20vn.Adannsin fl fflfl 

Acetic anhydride (4.6 mL) was added to a solution of S'.S'-O-^etraiso- 
propyldisiloxane-1,3-diyl)-6-/V-(4-f-butylben2oyl)-adenosine (Brown.J.; 

20 Christodolou, C; Jones.S.; ModakA; Reese.C; Sibanda.S.; Ubasawa A. 
J. Chem .Soc. Perkin Trans. /1989, 1735) (6.2 g, 9.2 mmol) in DMSO (37 
mL) and the resulting mixture was stirred at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc 
and washed with water. The organic layer was dried over MgS0 4 and 

25 concentrated in vacuo. The residue was purified on a silica gel column to 

yield 2 , -keto-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4-f-butylben- 
zoyl)-adenosine 28 (4.8 g, 7.2 mmol, 78%). 

Example 77: 2'-Deoxv.P'.methvl«.na.a' g'.Q.fT fl tr a i S nnmp V l di S i| QXa n fl .1 3. 
divh.6-A/.r4.f.Biih/lhfln y n Y |).^^ ftnn<? j nft ftft) 

30 Under a pressure of argon, sec-butyllfthium in hexanes (1 1 .2 mL, 14.6 

mmol) was added to a suspension of triphenylmethylphosphonium iodide 
(7.07 g,17.5 mmol) in THF (25 mL) cooled at -78 °C. The homogeneous 
orange solution was allowed to warm to -30 °C and a solution of 2'-keto- 
3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-/V-(4-f-butylbenzoyl)-adenosine 
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28 (4.87 g, 7.3 mmol) in THF (25 mL) was transferred to this mixture under 
argon pressure. After wanning to RT ( stirring was continued for 24 h. THF 
was evaporated and replaced by CH2CI2 (250 mL), water was added (20 
mL), and the solution was neutralized with a cooled solution of 2% HCI. 
5 The organic layer was washed with H2O (20 mL), 5% aqueous NaHC03 
(20 mL), H2O to neutrality, and brine (10 mL). After drying (Na2S04) ( the 
solvent was evaporated in vacuo to give the crude compound, which was 
chromatographed on a silica gel column. Elution with light petroleum 
ether:EtOAc / 7:3 afforded pure ^-deoxy-^-methylene-S'^'-O-ftetraiso- 
10 propyldisiloxane-1,3-diyl)-6-A/-(4-f-butylbenzoyl)-adenosine 29 (3.86 g ( 5.8 
mmol, 79%). 

Example 78: 2 , -Deoxv-2 , -Methvlene^A/>(4-f-Butvlbenzovn-Adenosine 

2 , -Deoxy-2 , -methylene-3 , ,5 , -0(tetraisopropyldisiloxane-1,3-diyl)-6-A/- 
(4-f-butylbenzoyl)-adenosine (3.86 g, 5.8 mmol) dissolved in THF (30 mL) 
15 was treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated in 
vacuo. The residue was triturated with petroleum ether and 
chromatographed on a silica gel column. 2'-Deoxy-2'-methylene-6-A/-(4-f- 
butylbenzoyi)-adenosine (1.8 g, 4.3 mmol, 74%) was eluted with 10% 
MeOH in CH 2 CI 2 . 

20 Example 79: 5 ^Q-DMT>2'-Deow>2^Methvlene>6^f4^Butvlben2ovlV 
Adenosine (29) 

2'-Deoxy-2'-methylene-6-/V-(4-f-butylbenzoyl)-adenosine (0.75 g, 
1.77 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI 
(0.66 g, 1.98 mmol) in pyridine (10 mL) was added dropwise over 15 m. 

25 The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) was 
added to quench the reaction. The mixture was concentrated in vacuo and 
the residue taken up in CH2CI2 (100 mL) and washed with sat. NaHC03, 
water and brine. The organic extracts were dried over MgSCU, 
concentrated in vacuo and purified over a silica gel column using 50% 

30 EtOAc:hexanes as an eluant to yield 29 (0.81 g, 1.1 mmol, 62%). 

Example 80: S'-O-DM T^^Deoxv^^Methvlene-S^^f-Butvlbenzovl^ 
Adenosine S'-te-Cvanoethvl /V.A/-diisopropvlDhosohoramiditel (311 

1-(2 , -Deoxy-2 , -methylene-5 , -(>dimethoxytrityl-p-D-ribofuranosyl)-6-A/- 
(4-f-butylbenzoyl)-adenine 29 dissolved in dry CH2CI2 (15 mL) was placed 



( 



W ° 95/23225 PCT/IB9S/00156 



136 

in a round bottom flask under Ar. Diisopropylethylamine was added, 
followed by the dropwise addition of 2-cyanoethyl N, N- 
diisopropylchlorophosphoramidite. The reaction mixture was stirred 2 h at 
RT and quenched with ethanol (1 mL). After 10 m the mixture was 
5 evaporated to a syrup in vacuo (40 °C). The product was purified by flash 
chromatography over silica gel using 30-50% EtOAc gradient in hexanes, 
containing 1% triethylamine, as eluant (0.7 g, 0.76 mmol, 68%). R f 0 45 
(CH 2 CI 2 :MeOH/20:1) 

Example 61 ; 2>Q«()xv-a , -Dlftuoromethvlene.3' *'-rLrr^ raisonrnpyi ^ nr . 

10 ane-1.3-divn.6-/V.M.f.Butvlhfln ; OV n.Ad fl nn g in a 

2 , -Keto-3 , ,5 , -0-(tetraisopropyldisiloxane-1 l 3-diyl)-6-/V-(4-f.butyl- 
benzoyl)-adenosine 28 (6.7 g, 10 mmol) and triphenylphosphine (2.9 g, 11 
mmol ) were dissolved in diglyme (20 mL), and heated to a bath 
temperature of 160 »C. A warm (60 °C) solution of sodium 
15 chlorodifluoroacetate (2.3 g, 15 mmol) in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 
resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH 2 CI 2 and chromatographed over silica gel. 2'- 

Deoxy-2'-difluoromethylene-3',5 , -0-(tetraisopropyldisiloxane-1 I 3-diyl)-6-/V- 
20 (4-/-butylbenzoyl)-adenosine (4.1 g, 6.4 mmol, 64%) eluted with 15% 
hexanes in EtOAc. 

Example 82; 2'-Deoxv-2'.Diflu Q rQm fl thvl e n fl -fi-/V-fA. ^ B utvlhfln 7 nyl). 
Adenosine 

2 , -Deoxy-2'-difluoromethylene-3 , ,5 , -0(tetraisopropyldisiloxane-1 I 3. 

25 diyl)-6-/V-(4-f-butylbenzoyl)-adenosine (4.1 g, 6.4 mmol) dissolved in THF 
(20 mL) was treated with 1 M TBAF in THF (10 mL) for 20 m and 
concentrated in vacuo. The residue was triturated with petroleum ether 
and chromatographed on a silica gel column. 2 , -Deoxy-2'-difluoromethyl- 
ene-6-/V-(4-f-butylbenzoyl).adenosine (2.3 g, 4.9 mmol, 77%) was eluted 

30 with.20% MeOH in CH 2 CI 2 . 

Example 83; 5'>O-nivlT.g'.D aO w.i)'.n8fl M 0 r O m e thviAn ft .Q.A/.M.f.R l ,tyi. 

benzovlLAdennsing (flA) 

2 , .Deoxy-2 , -difluoromethylene-6-A/-(4-f-butylbenzoyl)-adenosine (2.3 
g, 4.9 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI in 
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pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHC03, water and brine. The 
5 organic extracts were dried over MgS04, concentrated in vacuo and 
purified over a silica gel column using 50% EtOAc:hexanes as eluant to 
yield 30 (2.6 g, 3.41 mmol, 69%). 

Example 84: 5'-Q-DMT-2 , -Deoxy-2 , -Difluorom ethvlen6-fi.j^M.f.R M ^Y l. 
benzovh-Adenosine 3'-te-Cvanoflthvl A/.j^diis opropvlohosphoramidite^ 
10 1221 

l^^-Deoxy^'-difluoromethylene-S'-O-dimethoxytrityl-p-D-ribofurano- 
syl)-6-/v-(4-f-butylbenzoyl)-adenine 30 (2.6 g, 3.4 mmol) dissolved in dry 
CH2CI2 (25 mL) was placed in a round bottom flask under Ar. 
Diisopropylethylamine (1.2 mL, 6.8 mmol) was added, followed by the 

15 dropwise addition of 2-cyanoethyl A/./V-diisopropylchlorophosphoramidite 
(1.06 mL, 4.76 mmol). The reaction mixture was stirred 2 h at RT.and 
quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 °C). 32 (2.3 g, 2.4 mmol, 70%) was purified by flash 
column chromatography over silica gel using 20-50% EtOAc gradient in 

20 hexanes, containing 1% triethylamine, as eluant. Rf 0.52 (CH2CI2: MeOH / 
15:1). 

Example 85: 2^Deoxv-2'-Methoxvcarbonvlmeth vlidine-3 , .5'.O.n-fltrflisn. 
propvldisiloxane-1 .3-diyn-Uridina (33) 

Methyl(triphenylphosphoranylidine)acetate (5.4 g, 16 mmol) was 
25 added to a solution of 2'-keto-3',5'-0-(tetraisopropyl disiloxane-1 ,3-diyl)- 
uridine 14 in CH2CI2 under argon. The mixture was left to stir at RT for 30 
h. CH2CI2 (100 mL) and water were added (20 mL), and the solution was 
neutralized with a cooled solution of 2% HCI. The organic layer was 
washed with H2O (20 mL), 5% aq. NaHC03 (20 mL), H2O to neutrality, and 
30 brine (10 mL). After drying (Na2S04), the solvent was evaporated in vacuo 
to give crude product, that was chromatographed on a silica gel column. 
Elution with light petroleum ether:EtOAc / 7:3 afforded pure 2'-deoxy-2'- 

methoxycarbonylmethylidine-S'.S'-O-Oetraisopropyldisiloxane-I.S-diyl)- 
uridine 33 (5.8 g, 10.8 mmol, 67.5%). 
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Example 86: 2 , -DQoxv.2'.MethoY vcarbonvlmQthvlidin fl .nrj^i n o (3 4) 

Et3N«3 HF (3 mL) was added to a solution of 2'-deoxy-2'-methoxy- 

carboxylmethylldine-S'.S'-O-Oetraisopropyldisiloxane-l.a-diyO-uridine 33 
(5 g, 9.3 mmol) dissolved in CH2CI2 (20 mL) and Et3N (15 mL). The 
5 resulting mixture was evaporated in vacuo after 1 h and chromatographed 
on a silica gel column eluting 2'-deoxy-2 , -methoxycarbonylmethylidine- 
uridine 34 (2.4 g, 8 mmol, 86%) with THRCH2CI2 / 4:1 . 

Example 87; S'-Q-DMT-g-Deoxv^'-Methoxvearfann vlmethvlidinfl-i iriHina 
(25) 

10 a'-Deoxy^'-methoxycarbonylmethylidine-uridine 34 (1.2 g, 4.02 

mmol) was dissolved in pyridine (20 mL). A solution of DMT-CI (1.5 g, 4.42 
mmol) in pyridine (10 mL) was added dropwise over 15 m. The resulting 
mixture was stirred at RT for 12' h and MeOH (2 mL) was added to quench 
the reaction. The mixture was concentrated in vacuo and the residue taken 

15 up in CH2CI2 (100 mL) and washed with sat. NaHC0 3l water and brine. 
The organic extracts were dried over MgS04, concentrated in vacuo and 
purified over a silica gel column using 2-5% MeOH in CH 2 CI 2 as an eluant 

to yield S'-O-DMT^'-deoxy^'-methoxycarbonylmethylidine-uridine 35 
(2.03 g, 3.46 mmol, 86%). 

20 Example 88: 5'»0-DMT-2'.Deoxv.2'.M6th Q yvr ar bonvlm fl thwliriin a .l ipHj^ 
3 , -f2-cvanoethvl-/V.A/-diisoproDvlDh QSO horamidit^ (3R\ 

1 -(2 , -Deoxy-2 , -2'-methoxycarbonylmethylidine-5 , -Odimethoxytrityl-p- 
D-ribofuranosyl)-uridine 35 (2.0 g, 3.4 mmol) dissolved in dry CH 2 CI 2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 

25 (1 .2 mL, 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl /V.AWiisopropylchlorophosphoramidite (0.91 mL, 4.08 mmol). 
The reaction mixture was stirred 2 h at RT and quenched with ethanol (1 
mL). After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). 
5*-0-DMT-2 , -deoxy-2 , -methoxycarbonylmethylidine-uridine 3'-(2- 

30 cyanoethyl-/V,/V-diisopropylphosphoramidite) 36 (1.8 g, 2.3 mmol, 67%) 
was purified by flash column chromatography over silica gel using a 30- 
60% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.44 (CH 2 CI 2 :M OH / 9.5:0.5). 
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Example 89: 2^Deoxv-2 , -Carboxvmethvlidine-3 , .5 , >0-(T6traisQprQpyldU 
gjlQygne-l.g^iylVUridiPg 37 

a'-Deoxy^'-methoxycaitonylmethylidine-S'^'-O-ttetraisopropyldi- 
siloxane-1,3-d<yl)-uridine 33 (5.0 g, 10.8 mmol) was dissolved in MeOH 
5 (50 mL) and 1 N NaOH solution (50 mL) was added to the stirred solution 
at RT. The mixture was stirred for 2 h and MeOH removed in vacuo. The 
pH of the aqueous layer was adjusted to 4.5 with 1N HCI solution, 
extracted with EtOAc (2 x 100 mL), washed with brine, dried over MgSCU 
and concentrated in vacuo to yield the crude acid. 2'-Deoxy-2'- 
1 0 carboxymethylidine-S'.S'-O-Oetraisopropyldisiloxane-l ,3-diyl)-uridine 37 
(4.2 g, 7.8 mmol, 73%) was purified on a silica gel column using a gradient 
of 10-15% MeOH in CH2CI2. 

The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
15 or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et ai PCT WO 94/02595. 

Oligonucleotides with 3' and/or 5' Dihalophosphonate 

20 This invention synthesis and uses 3' and/or 5* dihalophosphonate-, 

e.g., 3' or 5'-CF 2 -phosphonate-, substituted nucleotides that maintain or 
enhance the catalytic activity and/or nuclease resistance of an enzymatic or 
antisense molecule. 

As the term is used in this application, 5'- and/or 3'- 
25 dihalophosphonate nucleotide containing ribozymes, deoxyribozymes (see 
Usman et al. ( PCT/US94/11649, incorporated by reference herein), and 
chimeras, of nucleotides, are catalytic nucleic molecules that contain 5'- 
and/or 3'-dihalophosphonate nucleotide components replacing, but not 
limited to, double-stranded stems, single-stranded "catalytic core" 
30 sequences, single-stranded loops or single-stranded recognition 
sequences. These molecules are able to cleave (preferably, repeatedly 
cleave) separate RNA or DNA molecules in a nucleotide base sequence 
specific manner. Such catalytic nucleic acids can also act to cleave 
intramolecularly if that is desired. Such enzymatic molecules can be 
35 targeted to virtually any RNA or DNA transcript. This invention concerns 
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15 



nucleic acids formed of standard nucleotides or modified nucleotides, 
which also contain at least one S'-dihalophosphonate and/or one 3'- 
dihalophosphonate group. 

The synthesis of 1-0-Ac-2,3-di-0-Bz-D-ribofuranose 5-d- 
5+dihalomethylphosphonate in three steps from 1-0-methyl-2,3-0- 
isopropylidene-B-D-ribofuranose 5-deoxy-5-dihalomethylphosphonate is 
described (e.g., for the difluoro, in Figure 87). Condensation of this suitably 
derivatized sugar with silylated pyrimidines and purines affords novel 
nucleoside S'-deoxy-S'-dihalomethylphosphonates. These intermediates 
may be incorporated into catalytic or antisense nucleic acids by either 
chemical (conversion of the nucleoside S'-deoxy-S 1 - 
dihalomethylphosphonates into suitably protected phosphoramidites 12a 
or solid supports 12b ( e.g., Figure 88) or enzymatic means (conversion of 
the nucleoside 5'-deoxy-5'-dihalomethylphosphonates into their 
triphosphates, e.g., 14 Figure 89, for T7 transcription). 

Thus, in one aspect the invention features 5' and/or 3'- 
dihalonucleotides and nucleic acids containing such 5' and/or 3'- 
dihalonucleotides. The general structure of such molecules is shown 
below. 



20 
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25 



where R-j is H, OH, or R, where R is a hydroxyl protecting group, e.g., 
acyl, alkysilyl, or carbonate; each R 2 is separately H, OH, or R; each R 3 is 
separately a phosphate protecting group, e.g., methyl, ethyl, cyanoethyl, p- 
nitrophenyl, or chlorophenyl; each X is separately any halogen; and sach B 
is any nucleotide base. 



The invention in particular features nucleic acid molecules having 
such modified nucleotides and enzyr-.atic activity. In a related aspect the 
invention features a method for synthesis of such nucleoside 5"-deoxy-5'- 
30 dihalo and/or 3'-deoxy-3'-dihalophosphonates by condensing a 
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dihalophosphonate-containing sugar with a pyrimidine or a purine under 
conditions suitable to form a nucleoside 5'-deoxy-5'-dihalophosphonate 
and/or a S'-deoxy^-dihalophosphonate. 

Phosphonic acids may exhibit important biological properties 
5 because of their similarity to phosphates (Engel, Chem. Rev. 1977, 77, 
349-367). Blackburn and Kent (J. Chem. Soc, Perkin Trans. 1986, 913- 
917) indicate that based on electronic and steric considerations _-fluoro 
and _,_-difluoromethylphosphonates might mimic phosphate esters better 
than the corresponding phosphonates. Analogues of pyro- and 

10 triphosphates 1, where the bridging oxygen atoms are replaced by a 
difluoromethylene group, have been employed as substrates in enzymatic 
processes (Blackburn etal. % Nucleosides & Nucleotides 1985, 4, 165-167; 
Blackburn et a/ M Chem. Scr. 1986, 26, 21-24). 9-(5,5-Difluoro-5- 
phosphonopentyl)guanine (2) has been utilized as a multisubstrate 

15 analogue inhibitor of purine nucleoside phosphorylase (Halazy et a/., J. 
Am. Chem. Soc. 1991, 113, 315-317). Oligonucleotides containing 
methylene groups in place of phosphodiester 5'-oxygens are resistant 
toward nucleases that cleave phosphodiester linkages between 
phosphorus and the S'-oxygen (Breaker et a/., Biochemistry 1993, 32, 

20 9125-9128), but can still form stable complexes with complementary 
sequences. Heinemann et al. (Nucleic Acids Res. 1991, 19, 427-433) 
found that a single 3'-methylenephosphonate linkage had a minor 
influence on the conformation of a DNA octamer double helix. 
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One common synthetic approach to a.cc-difluoro-alkylphosphonates 
features the displacement of a leaving group from a suitable reactive 
substrate by diethyl (lithiodifluoromethyl)phosphonate (3) (Obayashi et a/., 
5 Tetrahedron Lett. 1982, 23, 2323-2326). However, our attempts to 
synthesize nucleoside 5'-deoxy-5'-difluoro-methylphosphonates from 5'- 
deoxy-5'-iodonucleosides using 3 were unsuccessful, i.e. starting 
compounds were quantitatively recovered. The reaction of nucleoside 5'- 
aldehydes with 3, according to the procedure of Martin et al. (Martin et at 
10 Tetrahedron Lett. 1992, 33, 1839-1842), led to a complex mixture of 
products. Recently, the synthesis of sugar a.o-difluoroalkylphosphonates 
from primary sugar triflates using 3 was described (Berkowitz et al., J. Org. 
Chem. 1993, 58. 6174-6176). Unfortunately, our experience is that 
nucleoside 5 -triflates are too unstable to be used in these syntheses. 

15 The following are non-limiting exampl s showing the synthesis of 

nucleoside S'-deoxy-S'-difluoromethyl-phosphonates. Those in the art will 
recognize that equivalent methods can be readily devised based upon 
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these examples. These examples demonstrate that it is possible to 
achieve synthesis of 5'-deoxy-5'-difluoro derivatives in good yield and thus 
guide those in the art to such equivalent methods. The examples also 
indicate utility of such synthesis to provide useful oligonucleotides as 
5 described above. 

Those in the art will recognize that useful modified enzymatic nucleic 
acids can now be designed, much as described by Draper et al., 
PCT/US94/13129 hereby incorporated by reference herein (including 
drawings). 

10 Example 90: Synthesis of Nucleoside S'-DflOYy-^'. 
difluoromethvlphosphonatsfi 

Referring to Fig, 87, we synthesized a suitable glycosylating agent 
from the known D-ribose a,a-difluoromethylphosphonate (4) (Martin er a/., 
Tetrahedron Lett. 1992, 33, 1839-1842) which served as a key 
15 intermediate for the synthesis of nucleoside 5'- 
difluoromethyiphosphonates. 

Methyl 2,3-O-isopropylidene-p-D-ribofuranose a,a- 
difluoromethylphosphonate (4) was synthesized from the 5-aldehyde 
according to the procedure of Martin et al. (Tetrahedron Lett. 1992, 33, 

20 1839-1842) (Figure 87). Removal of the isopropylidene group was 
accomplished under mild conditions (l 2 -MeOH, reflux, 18 h (Szarek et al., 
Tetrahedron Lett. 1986, 27, 3827) or Dowex 50 WX8 (H + ), MeOH, RT 
(about 20-25°C), 3 days) in 72% yield. The anomeric mixture thus 
obtained was benzoylated with benzoyl chloride/pyridine to afford the 2,3- 

25 di-O-benzoyl derivative, which was subjected to mild acetolysis conditions 
(Walczak etai, Synthesis, 1993. 790-792) (Ac 2 0, AcOH, H 2 S0 4 , EtOAc, 
0°C. The desired 1-0-acetyl-2,3-di-0-benzoyl-D-ribofuranose 
difluoromethylphosphonate (5) was obtained in quantitative yield as an 
anomeric mixture. These derivatives were used for selective glycosylation 

30 of silylated uracil and N 4 -acetylcytosine under Vorbruggen conditions 
(Vorbruggen, Nucleoside Analogs. Chemistry, Biology and Medical 
Applications, NATO ASI Series A, 26, Plenum Press, New York, London, 
1980; pp. 35-69. The use of F 3 CS0 2 OSi(CH3)3 as a glycosylation 
catalyst is precluded because it is expected to lead to the undesired 1- 

35 ethyluracil or 9-ethyladenine byproducts: Podyukova, et al.. Tetrahedron 
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Lett. 1987, 28, 3623-3626 and refer nces cited therein) (SnCI 4 as a 
catalyst, boiling acetonitrile) to yield p-nucleosides (62% 6a, 75% 6b). 
Glycosylation of silylated N 6 -benzoyladenine under the same conditions 
yielded a mixture of N-9 isomer 6c and N-7 isomer 7 in 34% and 15% 
5 yield, respectively. The above nucleotides were successfully deprotected 
using trimethylsilylbromide for the cleavage of the ethyl groups, followed by 
treatment with ammonia-methanol to remove the acyl protecting groups. 
Nucleoside 5'-deoxy-5'-difluoromethylphosphonates 8 were finally 
purified on a DEAE Sephadex A-25 (HC0 3 ') column using a 0.01-0.25 M 
1 0 TEAB gradient for elution and obtained as their sodium salts (82% 8a; 87% 
8b; 82% 8c). 

Selected analytical data: 31 P-NMR ( 31 P) and 1 H-NMR ( 1 H) were 
recorded on a Varian Gemini 400. Chemical shifts in ppm refer to H3PO4 
and TMS, respectively. Solvent was CDCI3 unless otherwise noted. 5: 1 H 

15 8 8.07-7.28 (m, Bz), 6.66 (d, J 12 4.5, <xH1), 6.42 (s, pH1), 5.74 (d, J 2 3 4.9, 
BH2), 5.67 (dd, J 3|2 4.9, J 3i4 6.6, pH3), 5.63 (dd, J 32 6.7, J 3 4 3.6, aH3), 
5.57 (dd, J 2f1 4.5, J 2f3 6.7, oH2), 4.91 (m, H4), 4.30 (m, CH 2 CH 3 ), 2.64 (m, 
CH 2 CF 2 ), 2.18 (s, BAc), 2.12 (s, oAc), 1.39 (m, CH 2 CH 3 ). 31 P 8 7.82 (t, 
J P(F 105.2), 7.67 (t, J P(F 106.5). 6a: 1 H 8 9.11 (s, 1H, NH), 8.01 (m, 11H, 

20 Bz, H6), 5.94 (d, J r>2 . 4.1, 1H, HV), 5.83 (dd, J 5 6 8.1, 1H, H5), 5.79 (dd, 
J 2',V 41 . J 2',3' 6 - 5 ' 1H « H2 % 5.71 (dd, J 3 . 2 . 6.5,^3.^. 6.4, 1H, H3'), 4.79 
(dd, J 4 . (3 . 6.4, J 4 . F 11.6. 1H, H4'), 4.31 (m, 4H, CH 2 CH 3 ), 2.75 (tq, J H p 
19.6, 2H, CH 2 CF 2 ), 1.40 (m, 6H, CH 2 CH 3 ). 31 P 8 7.77 (t, Jp F 104.0). 8c: 
31 P (vs DSS) (D 2 0) 8 5.71 (t, Jpp 87.9). 

25 Compound 7 was deacylated with methanolic ammonia yielding the 

product that showed (H 2 0) 271 nm and 233 nm, confirming that 
the site of glycosylation was N-7. 

Example 91:Svnthesis of Nucleic Acids Containing Modified Nucleotide 
Containing Cores 

30 The method of synthesis used follows the procedure for normal RNA 

synthesis as described in Usman ef a/., J. Am. Chem. Soc. 1987, 109, 
7845-7854 and in Scaringe et a/., Nucleic Acids Res. 1990, 18, 5433-5441 
and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 3'-end 

35 (Figure 88 and Janda et a/., Sc/ence 1989, 244:437-440.). These 
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nucleoside 5'-deoxy-5'-difluoromethylphosphonates may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group 1 or Group 2 introns, or into antisense oligonucleotides. They 
are, therefore, of general use in any nucleic acid structure. 

5 Example 92: Synthesis of Modified Triphosphate 

The triphosphate derivatives of the above nucleotides can be formed 
as shown in Fi g. 89 . according to known procedures. Nucleic Acid Chem., 
Leroy B. Townsend, John Wiley & Sons, New York 1991, pp. 337-340; 
Nucleotide Analogs, Karl Heinz Scheit; John Wiley & Sons New York 1 980, 
10 pp. 211-218. 

Equivalent synthetic schemes for 3' dihalophosphonates are shown in 
Figures 90 and 91 using art recognized nomenclature. The conditions can 
be optimized by standard procedures. 

The nucleoside dihalophosphonates described herein are 
15 advantageous as modified nucleotides in any nucleic acid structure, e.g., 
catalytic or antisense, since they are resistant to exo- and endonucleases 
that normally degrade unmodified nucleic acids in vivo. They also do not 
perturb the normal structure of the nucleic acid in which they are 
incorporated thereby maintaining any activity associated with that structure. 
20 These compounds may also be of use as monomers as antiviral and/or 
antitumor drugs. 

Oligonucleotides with Amido or Peotido Modification 

This invention replaces 2'-hydroxyl group of a ribonucleotide moiety 
with a 2'-amido or 2 , -peptido moiety. In other embodiments, the 3' and 5' 
25 portions of the sugar of a nucleotide may be substituted, or the phosphate 
group may be substituted with amido or peptido moieties. Generally, such 
a nucleotide has the general structure shown in Formula I below: 
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FORMULA I 

The base (B) is any one of the standard bases or is a modified 
nucleotide base known to those in the art, or can be a hydrogen group. In 
5 addition, either Ri or R2 is H or an alkyl, alkene or alkyne group containing 
between 2 and 10 carbon atoms, or hydrogen, an amine (primary, 
secondary or tertiary, a*SL> R3 NR 4 where each R3 and R4 independently is 
hydrogen or an alkyl, alkene or alkyne having between 2 and 10 carbon 
atoms, or is a residue of an amino acid, Ls„ an amide), an alkyl group, or 
1 0 an amino acid (D or L forms) or peptide containing between 2 and 5 amino 
acids. The zigzag lines represent hydrogen, or a bond to another base or 
other chemical moiety known in the art. Preferably, one of R1 , R2 and R3 is 
an H, and the other is an amino acid or peptide. 

Applicant has recognized that RNA can assume a much more 
1 5 complex structural form than ONA because of the presence of the 2'- 
hydroxyl group in RNA. This group is able to provide additional hydrogen 
bonding with other hydrogen donors, acceptors and metal ions within the 
RNA molecule. Applicant now provides molecules which have a modified 
amine group at the 2* position, such that significantly more complex 
20 structures can be formed by the modified oligonucleotide. Such 
modification with a 2-amido or peptido group leads to expansion and 
enrichment of the side-chain hydrogen bonding network. The amide and 
peptide moieties are responsible for complex structural formation of the 
oligonucleotide and can form strong complexes with other bases, and 
25 interfere with standard base pairing interactions. Such interference will 
allow the formation of a compl x nucleic acid and protein conglomerate. 
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Oligonucleotides of this invention are significantly more stable than 
existing oligonucleotides and can potentially form biologically active 
bioconjugates not previously possible for oligonucleotides. They may also 
be used for in vitro selection of unique aptamers, that is, randomly 
5 generated oligonucleotides which can be folded into an effective ligand for 
a target protein, nucleic acid or polysaccharide. 

Thus, in one aspect, the invention features an oligonucleotide 
containing the modified base shown in Formula I, above. 

In other aspects, the oligonucleotide may include a 3' or 5' nucleotide 
10 having a 3' or 5' located amino acid or aminoacyl group. In all these 
aspects, as well as the ^-modified nucleotide, it will be evident that various 
standard modifications can be made. For example, an "0" may be 
replaced with an S, the sugar may lack a base (i.e., abasic) and the 
phosphate moiety may be modified to include other substitutions (see 
15 Sproat, supra). 

Example 93: General procedure for the preparation o f 2'-aminoacvl-2'- * 
deoxv-2'-aminonucieoside conjugates. " 

Referring to Fig. 92 . to the solution of ^-deoxy-^-amino nucleoside (1 % 
mmol) and N-Fmoc L- (or D-) amino acid (1 mmol) in methanol ^ 

20 [dimethyiformamide (DMF) and tetrahydrofuran (THF) can also be used], 1- 4 
ethoxycarbonyl-2-ethoxy-1 ,2-dihydroquinoline (EEDQ) [or 1- 
isobutyloxycarbonyl-2-isobutyloxy-1,2-dihydroquinoline (IIDQ)] (2 mmol) is 
added and the reaction mixture is stirred at room temperature or up to 50 
'C from 3-48 hours. Solvents are removed under reduced pressure and 

25 the residual syrup is chromatographed on the column of silica-gel using 1- 
10 % methanol in dichloromethane. Fractions containing the product are 
concentrated yielding a white foam with yields ranging from 85 to 95 %. 
Structures are confirmed by 1 H NMR spectra of conjugates which show 
correct chemical shifts for nucleoside and aminoacyl part of the molecule. 

30 Further proofs of the structures are obtained by cleaving the aminoacyl 
protecting groups under appropriate conditions and assigning 1 H NMR 
resonances for the fully deprotected conjugate. 

Partially protected conjugates described above are converted into 
their S'-O-dimethoxytrityl derivatives and into ^-phosphoramidites using 
35 standard procedures (Oligonucleotide Synthesis: A Practical Approach, 
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M.J. Gait ed.; IRL Press. Oxford. 1984). Incorporation of these 
phosphoramidites into RNA was performed using standard protocols 
(Usman era/., 1987 supra). 

A general deprotection protocol for oligonucleotides of the present 
5 invention is described in Fio. 93 . 

The scheme shows synthesis of conjugate of 2 , -d-2'-aminouridine. 
This is meant to be a non-limiting example, and those skilled in the art will 
recognize that, variations to the synthesis protocol can be readily 
generated to synthesize other nucelotides (e.g., adenosine, cytidine, 
10 guanosine) and/or abasic moieties. 

Example 94; RNA dftavaae bv hammarhead rihn^ Qs contain^ p». 
aminoacvl mQriiftratj^ nff 

Hammerhead ribozymes targeted to site N (see Fig. 94) are 
synthesized using solid-phase synthesis, as described above. U4 and U7 
15 positions are modified, individually or in combination, with either 2'-NH- 
alanine or 2*-NH-lysine. 

RNA Cleavage assay in vitro", Substrate RNA is 5' end-labeled using 
[y32p] ATP and T4 polynucleotide kinase (US Biochemicals). Cleavage 
reactions were carried out under ribozyme "excess" conditions. Trace 
amount (S 1 nM) of 5' end-labeled substrate and 40 nM unlabeled 
ribozyme are denatured and renatured separately by heating to 90°C for 2 
min and snap-cooling on ice for 10-15 min. The ribozyme and substrate 
are incubated, separately, at 37°C for 10 min in a buffer containing 50 mM 
Tris-HCI and 10 mM MgCfc. The reaction is initiated by mixing the 
ribozyme and substrate solutions and incubating at 37°C. Aliquots of 5 jil 
are taken at regular intervals of time and the reaction is quenched by 
mixing with equal volume of 2X formamide stop mix. The samples are 
resolved on 20 % denaturing polyacrylamide gels. The results are 
quantified and percentage of target RNA cleaved is plotted as a function of 
time. 



20 



25 



30 



Referring to Fig, 95, hammerhead ribozymes containing 2'-NH- 
alanine or 2'-NH-lysine modifications at U4 and U7 positions cleave the 
target RNA efficiently. 
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Sequences listed in Figure 94 and the modifications described in 
Figure 95 are meant to be non-limiting examples. Those skilled in the art 
will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing 
5 other 2-hydroxyl group modifications, including but not limited to amino 
acids, peptides and cholesterol, can be readily generated using techniques 
known in the art, and are within the scope of the present invention. 

Example 95: Aminoacvlation of 3' -ends of RNA 

I. Referring to Fig. 96. 3'-OH group of the nucleotide is converted to . 
1 0 succinate as described by Gait, supra. This can be linked with amino-alkyl 
solid support (for example: CpG). Zig-zag line indicates linkage of 3'OH 
group with the solid support. 

!L Preparation of aminoac vl-derivatized solid support 
M Synthesis of O-Dimethoxvtritvl (O-DMn amino anirfc 

1 5 Referring to Fig, 97, to a solution of L- (or D-) serine, tyrosine or 

threonine (2 mmol) in dry pyridine (15 ml) 4,4 , -dimethoxytrityl chloride (3 
mmol) is added and the reaction mixture is stirred at RT (about 20-25°C) for 
16 h. Methanol (10 ml) is then added and the solution evaporated under 
reduced pressure. The residual syrup was partitioned between 5% aq. 

20 NaHC03 and dichloromethane, organic layer was washed with brine, dried 
(Na2S04) and concentrated in vacuo. The residue is purified by flash 
siiicagel column chromatography using 2-10% methanol in 
dichloromethane (containing 0.5 % pyridine). Fractions containing product 
are combined and concentrated in vacuo to yield white foam (75-85 % 

25 yield). 

Preparation of the solid support and its de rivatization with amino acids 

Referring to Fig. 97, the modified solid support (has an OH group 
instead of the standard NH2 end group) was prepared according to 
Haralambidis et al., Tetrahedron Lett. 1987, 28, 5199, (P denotes 
30 aminopropyl CPG or polystyrene type support). O-DMT or NH- 
monomethoxytrityl (NH-MMT amino acid was attached to the above solid 
support using standard procedures for derivatization of the solid support 
(Gait, 1984, supra) creating a bas -labile ester bond between amino acids 
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chain using suitably protected nucleoside phosphoramidites. 

Example 96: Aminoacvlation of 5'-ends of RNA 

I. Referring to Fia. 98. S'-amino-containing sugar moiety was 
5 synthesized as described (Mag and Engels, 1989 Nucleic Acids Res. 17, 

5973). Aminoacylation of the S'-end of the monomer was achieved as 
described above and RNA phosphoramidite of the S'-aminoacylated 
monomer was prepared as described by Usman et al. t 1987 supra. The 
phosphoramidite was then incorporated at the 5-end of the oligonucleotide 
1 0 using standard solid-phase synthesis protocols described above. 

II. Referring to Fio. 99 . aminoacyl group(s) is attached to the phosphate 
group at the 5'-end of the RNA using standard procedures described 
above. 

VII, Reversing Genetic Mutations 

1 5 Modification of existing nucleic acid sequences can be achieved by 

homologous recombination. In this process a transfected sequence 
recombines with homologous chromosomal sequences and can replace 
the endogenous cellular sequence. Boggs, 8 International J. Cell Cloning 
80, 1990, describes targeted gene modification. It reviews the use of 

20 homologous DNA recombination to correct genetic defects. Banga and 
Boyd, 89 Proc. Natl. Acad. Sci. U.S.A. 1735, 1992, describe a specific 
example of in vivo site-directed mutagenesis using a 50 base 
oligonucleotide. In this methodology a gene or gene segment is 
essentially replaced by the oligonucleotide used. 

25 This invention uses a complementary oligonucleotide to position a 

nucleotide base changing activity at a particular site on a gene (RNA or 
genomic DNA), such that the nucleotide modifying activity will change (or 
revert) a mutation to wild-type, or its equivalent. By reversion or change of 
a mutation, we refer to reversion in a broad sense, such as when a 

30 mutation at a second site which leads to functional reversion to a wild type 
phenotype. Also, due to the degeneracy of the genetic code, a revertant 
may be achieved by changing any one of the three codon positions. 
Additionally, creation of a stop codon in a deleterious gene (or transcript) is 
defined here as r verting a mutant phenotype to wild-type. An example of 
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this type of reversion is creating a stop codon in a critical HIV proviral gene 
in a human. 

Referring to Figures 100 and 101, broadly there are two approaches 
to causing a site directed change in order to revert a mutation to wild-typ . 
5 In one (Fig. 100) the oligonucleotide is used to target RNA specifically. 
RNA is provided with a complementary (Watson-crick) oligonucleotide 
sequence to that in the target molecule. In this case the sequence 
modifying oligonucleotide would (analogously to an antisense 
oligonucleotide or ribozyme) have to be continuously present to revert the 
1 0 RNA as it is made by the cell. Such a reversion would be transient and 
would potentially require continuous addition of more sequence modifying 
oligonucleotide. The transient nature of this approach is an advantage, in 
that treatment could be stopped by simply removing the sequence 
modifying oligonucleotide (as with a traditional drug). 

15 A second approach targets DNA (Fig. 1011 and has the advantage 

that changes may be permanently encoded in the target cell's genetic 
code. Thus, a single course (or several courses) of treatment may lead to 
permanent reversion of the genetic disease. If inadvertent chromosomal 
mutations are introduced this may cause cancer, mutate other genes, or 

20 cause genetic changes in the germ-line (in patients of reproductive age). 
However, if the base changing activity is a specific methylation that may 
modulate gene expression it would not necessarily lead to germ-line 
transmission. See Lewin, fiSDS£j983 John Wilely & Sons, Inc. NY pp 
493-496. 

25 Complementary base pairing to single-stranded DNA or RNA is one 

method of directing an oligonucleotide to a particular site of DNA. This 
could occur by a strand displacement mechanism or by targeting DNA 
when it is single-stranded (such as during replication, or transcription). 
Another method is using triple-strand binding (triplex formation) to double- 

30 stranded DNA, which is an established technique for binding poly- 
pyrimidine tracts, and can be extended to recognize all 4 nucleotides. See 
Povsic, T., Strobel, S., & Dervan, P. (1992). Sequence-specific double- 
strand alkylation and cleavage of DNA mediated by triple-helix formation. 
J, Am. Ch$m, §9Ci 114 » 5934-5944 (1992). Knorre, D.G., Valentin, V.V., 

35 Valentina, F.Z., Lebedev, A.V. & Federova, O.S. Design and targeted 
reactions of oligonucleotide derivativ s 1-366 (CRC Press, Novosibirsk, 
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1993) describe conjugation of reactive groups or enzyme to 
oligonucleotides and can be used in the methods described herein. 

Recently, antisense oligonucleotides have been used to redirect an 
incorrect splice into order to obtain correct splicing of a splice mutant globin 
5 gene in vitro. Dominski Z; Kole R (1993) Restoration of correct splicing in 
thalassemia pre-mRNA by antisense oligonucleotides. Proc Natl Acad <fri 
LLS_A 90:8673-7. Analogously, in one preferred embodiment of this 
invention a complementary oligomer is used to correct an existiing mutant 
RNA, instead of the traditional approach of inhibiting that RNA by 
1 0 antisense. 

In either the RNA or DNA mode, after binding to a particular site on the 
RNA or DNA the oligonucleotide will modify the nucleic acid sequence. 
This can be accomplished by activating an endogenous enzyme (see 
Figure 102). by appropriate positioning of an enzyme (or ribozyme) 
15 conjugated (or activated by the duplex) to the oligonucleotide, or by 
appropriate positioning of a chemical mutagen. Specific mutagens, such as 
nitrous acid which deaminates C to U, are most useful, but others can also 
be used if inactivation of a harmful RNA is desired. 

RNA editing is an naturally occurring event in mammalian cells in 
20 which a sequence modifying activity edits a RNA to its proper sequence 
post-transcriptionally. Higuchi, M.„ Single, F., Kohler, M., Sommer, B., and 
Seeburg, P. (1993) RNA Editing of AMPA Receptor Subunit GluR-B: A 
base-paired intron-exon structure determines position and efficiency £eJi 
75:1361-1370. The machinery involved in RNA editing can be co-opted by 
25 a suitable oligonucleotide in order to promote chemical modification. 

The changes in the base created by the methods of this invention 
cause a change in the nucleotide sequence, either directly, or after DNA 
repair by normal cellular mechanisms. These changes functionally correct 
a genetic defect or introduce a stop codon. Thus, the invention is distinct 
3Cc from techniques in which an active chemical group (e.g., an alkylator) is 
attached to an antisense or triple strand oligonucleotide in order to 
chemically inactivate the target RNA or DNA. 

Thus, this invention creates an alteration to an existing base in a 
nucleic acid molecule so that the base is r ad in vivo as a different base. 
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This includes correcting a sequence instead of inactivating a gene but can 
also include inactivating a deleterious gene. 

Thus, in one aspect, the invention features a method for altering in 
yjya the nucleotide base sequence of a naturally occurring mutant nucleic 
5 acid molecule. The method includes contacting the nucleic acid molecule 
in Vivo with an oligonucleotide or peptide nucleic acid or other sequence 
specific binding molecules able to form a duplex or triplex molecule with 
the nucleic acid molecule. After formation of the duplex or triplex molecule 
a base modifying activity chemically or enzymatically alters the targeted 
10 base directly, or after nucleic acid repair in vivo. This results in the 
functional alteration of the nucleic acid sequence. 

By "alter", as it is used in this context, is meant that one or more 
chemical moieties in a targeted base, or bases, is altered so that the mutant 
nucleic acid will be functionally different. Thus, this is distinct from prior 

1 5 methods of correcting defects in DNA, such as homologous recombination, 
in which an entire segment of the targeted sequence is replaced with a 
segment of DNA from the transfected nucleic acid. This is also distinct from 
other methods that use reactive groups to inactivate a RNA or DNA target, 
in that this method functionally corrects the sequence of the target, instead 

20 of merely damaging it, by causing it to be read by a polymerase as a 
different base from the original base. As noted above, the naturally 
occurring enzymes in a cell can be utilized to cause the chemical 
alteration, examples of which are provided below. 

By "functionally alter" is meant that the ability of the target nucleic acid 
25 to perform its normal function (i.e.., transcription or translation control) is 
changed. For example, an RNA molecule may be altered so that it can 
cause production of a desired protein, or a DNA molecule can be altered 
so that upon DNA repair, the DNA sequence is changed. 

By •mutant" it is meant a nucleic acid molecule which is altered in 
30 some way compared to equivalent molecules present in a normal 
individual. Such mutants may be well known in the art, and include, 
molecules present in individuals with known genetic deficiencies, such as 
muscular dystrophy, or diabetes and the like. It also includes individuals 
with diseases or conditions characterized by abnormal expression of a 
35 gene, such as cancer, thalassemia's and sickle cell anemia, and cystic 
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fibrosis. It allows modulation of lipid metabolism to reduce artery disease, 
treatment of integrated AIDS genomes, and AIDs RNA, and Alzeimer's 
disease. Thus, this invention concerns alteration of a base in a mutant to 
provide a "wild type" phenotype and/or genotype. For deleterious 
5 conditions this involves altering a base to allow expression or prevent 
expression as is necassary. When treating an infection, such as HIV, it 
concerns inactivation of a gene in the HIV RNA by mutation of the mutant 
(/.e. f non-human gene) to a wild type (i.e., no production of a non-human 
protein). Such modification is performed in trans rather than in cis as in 
1 0 prior methods. 

In preferred embodiments, the oligonucleotide is of a length (at least 
12 bases, preferably 17-22) sufficient to activate dsRNA deaminase in 
yj^o. to cause conversion of an adenine base to inosine; the 
oligonucleotide is an enzymatic nucleic acid molecule that is active to 
1 5 chemically modify a base (see below); the nucleic acid molecule is DNA or 
RNA; the oligonucleotide includes a chemical mutagen, e.g., the mutagen 
is nitrous acid; and the oligonucleotide causes deamination of 5- 
methylcytosine to thymidine, cytosine to uracil, or adenine to inosine, or 
methtylation of cytosine to 5-methylcytosine. 

20 In a most preferred embodiment, the invention features correction of a 

mutation, rather than inactivation of a target by causing a mutation. 

Using in vitro directed evolution, it is possible to screen for ribozymes 
with catalytic activities different than RNA cleavage. Bartel, D. and 
Szostak, J. (1993) Isolation of new ribozymes from a large pool of random 

25 sequences. Sfiiansa 261:1411-1418. Using these methods of in vitro 
directed evolution, an enzymatic nucleic acid molecule, or ribozyme that 
mutates bases, instead of cleaving the phosphodiester backbone can be 
selected. This is a convenient method of obtaining an enzyme with the 
appropriate base sequence modifying activities for use in the present 

30 invention. 

Sequence modifying activities can change one nucleotide to another 
(or modify a nucleotide so that it will be repaired by the cellular machinery 
to another nucleotide). Sequence modifying activities could also delete or 
add one or more nucleotides to a sequence. A specific embodiment of 
35 adding sequences is described by Sullenger and Cech, PCT/US94/1 2976 
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hereby incorporated by reference herein), in which entire exons with wild- 
type sequence are spliced into a mutant transcript. The present invention 
features only the addition of a few bases (1 - 3). 

Thus, in another aspect, the invention features ribozymes or 
5 enzymatic nucleic acid molecules active to change the chemical structure 
of an existing base in a separate nucleic acid molecule. Applicant is the 
first to determine that such molecules would be useful, and to provide a 
description of how such molecules might be isolated. 

Molecules used to achieve in situ reversion can be delivered using 
10 the existing means employed for delivering antisense molecules and 
ribozymes, including liposomes and cationic lipid complexes. If the in situ 
reverting molecule is composed only of RNA, then expression vectors can 
be used in a gene therapy protocol to produce the reverting molecules 
endogenously, analogously to antisense or ribozymes expression vectors. 
1 5 There are several advantages of using such an expression vector, rather 
than simply replacing the gene through standard gene therapy. Firstly, this 
approach would limit the production of the corrected gene to cells that 
already express that gene. Furthermore, the corrected gene would be 
properly regulated by its natural transcriptional promoter. Lastly, reversion 
20 can be used when the mutant RNA creates a dominant gain of function 
protein (e.g., in sickle cell anemia), where correction of the mutant RNA is 
necessary to stop the production of the deleterious mutant protein, and 
allow production of the corrected protein. 

Endogenous Mammalian RNA Editing System 

25 It was observed in the mid-1980s that the sequence of certain cellular 

RNAs were different from the DNA sequence that encodes them. By a 
process called RNA editing, cellular RNA are post-transcriptionally 
modified to a) create a translation initiation and termination codons, b) 
enable tRNA and rRNA to fold into a functional conformation (for a review 

30 see Bass, B. L (1993) In The RNA World. R. Gesteland, R. and Atkins, J. 
eds. (Cold Spring Harbor, New York; CSH Lab. Press) pp. 383-418). The 
process of RNA editing includes base modification, deletion and insertion 
of nucleotides. 

Although, the RNA editing process is widespread among lower 
35 eukaryotes, very few RNAs (four) have been reported to undergo editing in 
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mammals (Bass, supra). The predominant mode of RNA editing in 
mammalian system is base modification (C -* U and A -» G). The 
mechanism of RNA editing in the mammalian system is postulated to be 
that C-»U conversion is catalyzed by cytidine deaminase. The mechanism 
5 of conversion of A->G has recently been reported for glutamate receptor B 
subunit (gluR-B) in rat PC12 ceils (Higuchl, M. et al. (1993) Call 75, 1361- 
1370). According to Hlguchi gluR-B mRNA precursor attains a structure 
such that intron 1 1 and exon 1 1 can form a stable stem-loop structure. This 
stem-loop structure is a substrate for a nuclear double strand-specific 
10 adenosine deaminase enzyme. The deamination will result in the 
conversion of A->i. Reverse transcription followed by double strand 
synthesis will result in the incorporation of G in place of A. 

In the present invention, the endogenous deaminase activity or other 
such activities can be utilized to achieve targeted base modification. 

1 5 The following are examples of the invention to illustrate different 

methods by which in vivo conversion of a base can be achieved. These 
are provided only to clarify specific embodiments of the invention and are 
not limiting to the invention. Those in the art will recognize that equivalent 
methods can be readily devised within the scope of the claims. 

20 Example 97; Exploiting cellular dsRNA de pendent Adenine to Inosinp 
converter: 

An endogenous activity in most mammalian cells and Xenopus 
oocytes converts about 50% of adenines to inosines in double stranded 
RNA. (Bass, B. L, & Weintraub, H. (1988). An unwinding activity that 

25 covalently modifies it double-stranded RNA substrate. £eJl, 5_5_, 1089- 
1098.). This activity can be used to cause an in situ reversion of a 
mutation at the RNA level. Referring to Figures 102 and 104, for 
demonstration purposes a stop codon is incorporated into the coding 
region of dystrophin, which is fused to the reporter gene luciferase. This 

30 stop codon can be reverted by targeting an antisense RNA which is long 
enough to activate the dsRNA deaminase, which converts Adenines to 
Inosines. The A to I transition will be read by the ribosome as an A to G 
transition in some cases and will thereby functionally revert the stop codon. 
While other A's in this region may be converted to I's and read as G, 

35 converting an A to I (G) cannot create a stop codon. The A to I transitions 
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in the region surrounding the target mutation will create some point 
mutations, however, the function of the dystrophin protein is rarely 
inactivated by point mutations. 

The reverted mRNA was then translated in a cell lysate and assayed 
5 for luciferase activity. As evidenced by the dramatic increase in luciferase 
counts in the graph in figure 103, the A to I transition was read by the 
ribosome as an A to G transition and the stop codon has successfully been 
reverted with the lysate treated complex. As a control, an irrelevant non- 
complementary RNA oligonucleotide was added to the 
10 dystrophin/luciferase mRNA. As expected, in this case no translation 
(luciferase activity) is observed because of the stop codon. As an 
additional control, the hybrid was not treated with extract, and again no 
translation (luciferase activity) is observed (Figure 103). 

While other A's in the targeted region may have been converted to I's 
1 5 and read as G, converting an A to I (G) cannot create a stop codon, so the 
ribosome will still read through the region. Dystrophin is not generally 
sensitive to point mutations if the open reading frame is maintained, so a 
dystrophin protein made from an mRNA reverted by this method should 
retain full activity. 

20 The following detail specifics of the methodology: RNA 

oligonucleotides were synthesized on a 394 (ABI) synthesizer using 
phosphoramidite chemistry. The sequence of the synthetic complementary 
RNA that binds to the mutant dystrophin sequence is as follows (5* to 3'): 

CCCGCGGTAGATCTTTCTGGAGGCTTACAGTTTTCTACAAACCTCC 
25 CTTCAAA (Seq. ID No. 1) 

Referring to Figure 104. fifty-nine base pairs of a human dystrophin 
mutant sequence containing a stop codon was fused in frame to the 
luciferase coding region using standard cloning technology, into the Hind 
III and Not I sites of pRC-CMV (Invitrogen, San Diego, CA). The AUG of 
30 luciferase was deleted. The sequences of the insert from the Hind III site to 
the start of the luciferase coding region is (5* to 3'): 

GCCCCTGAGGAGCGATGGAGGCCTTGAAGGGAGGTTTGTGGAAAA 
CTGTAAGCCTCCAGAAAGATCTACCGCGG (Seq ID No. 2) 
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This corresponds to base pairs 3649-3708 of normal dystrophin 
(Entrez ID # 31 1627) with a Sac II site at the 3' end. This plasmid was used 
as a template for in vitro transcription of mRNA using T7 polymerase with 
the manufacturers protocol (Promega, Madison, Wl). 

5 Xenopus nuclear extracts were prepared in 0.5X TGKED buffer (0.5X= 

25mM Tris (pH 7.9), 12.5% glycerol, 25 mM KCI, 0.25mM DTT and 0.05mM 
EDTA), by vortexing nuclei and resuspended In a volume of 0.5X TGKED 
equal to total cytoplasm volume of the oocytes. Bass, B.L & Weintraub, H. 
Cell 55. 1 089-1 098 (1 988). 

10 The target mRNA at 500ng/ul was pre-annealed to 1 micromolar 

complementary or irrelevant RNA oligonucleotide by heating to 70°C, and 
allowing it to slowly cool to 37°C over 30 minutes. Fifty nanograms of 
mRNA pre-annealed to the RNA oligonucleotides was added to 7ul of 
nuclear extracts containing 1mM ATP, 15mM EDTA, 1600un/ml RNasin 

15 and 1 2.5mM Tris pH 8 to a total volume of 12ul. Bass, B.L. & Weintraub, H. 
supra. This mixture, which contains the dsRNA deaminase activity, was 
incubated for 30 minutes at 25 8 C. Next, 1.5ul of this mixture was added to 
a rabbit reticulocyte lysate in vitro translation mixture and translated for two 
hours according to the manufacturers protocol (Life Technologies, 

20 Gaithersberg, MD), except that an additional 1.3 mM magnesium acetate 
was added to compensate for the EDTA carried through from the nuclear 
extract mixture. Luciferase assays were performed on 15ul of extract with 
the Promega luciferase assay system (Promega, Madison, Wl), and 
luminescence was detected with a 96 well luminometer, and the results are 

25 displayed in the graph in figure 102. 

Example 98: Base changing activities 

The chemical synthesis of antisense and triple-strand forming 
oligomers conjugated to reactive groups is well studied and characterized 
(Knorre, D.G., Valentin, V.V., Valentina, F.Z., Lebedev, A.V. & Federova, 

30 O.S. Design and targeted reactions of oligonucleotide derivatives 1-366 
(CRC Press, Novosibirsk, 1993) and Povsic, T., Strobel, S. & Dervan, P. 
Sequence-specific double-strand alkylation and cleavage of DNA 
mediated by triple-helix formation J. Am. Chem. Soc. 114, 5934-5944 
(1992). Reactive groups such as alkylators that can modify nucleotide 

35 bases in targeted RNA or DNA have been conjugated to oligonucleotides. 
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Additionally enzymes that modify nucleic acids have be n conjugated to 
oligonucleotides. (Knorre, D.G., Valentin, V.V., Valentina, F.Z., Lebedev, 
A.V. & Federova, O.S. Design and targeted reactions of oligonucleotide 
derivatives 1-366 (CRC Press, Novosibirsk, 1993). In the past these 
5 conjugated chemical groups or enzymes have been used to inactivate 
DNA or RNA that is specifically targeted by antisense or triple-strand 
interactions. Below is a list of useful base changing activities that could be 
used to change the sequence of DNA or RNA targeted by antisense or 
triple strand interactions, in order to achieve in situ reversion of mutations, 
1 0 as described herein (see figure 100-1 04V 

1. Deamination of 5-methylcytosine to create thymidine 
(performed by the enzyme cytidine deaminase (Bass, B.L in The RNA 
World (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 1993). 
Also, nitrous acid or related compounds promote oxidative deamination of 
15 C to be read at T(Microbial Genetics, David Freifelder, Jones and Bartlett «. 
Publishers, Inc., Boston, 1987, PP.226-230.). Additionally hydroxylamine f> 
or related compounds can transform C to be read at T (Microbial Genetics, * 
David Freifelder, Jones and Bartlett Publishers, Inc., Boston, 1987, PP.226- * 
230.) 

20 2. Deamination of cytosine to create uracil (performed by the , 

enzyme cytidine deaminase (Bass, B.L in The RNA World (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, 1993) or by chemical 
groups similar to nitrous acid that promote oxidative deamination (Microbial 
Genetics, David Freifelder, Jones and Bartlett Publishers, Inc., 

25 Boston, 1987, PP.226-230.) 

3. Deamination of Adenine to be read like G (Inosine) (as done 
by the adenosine deaminase, AMP deaminase or the dsRNA deaminating 
activity ( Bass, B.L. in The RNA World (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, 1993). 

30 „ 4. Methylation of cytosine to 5-methylcytosine 

5. Transforming thymidine (or uracil) to 0 2 -methyl thymidine (or 
0 2 -methyl uracil), to be read as cytosine by alkynitrosoureas (Xu, and 
Swann, Tetrahedron Letters 35:303-306 (1994)). 
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6. Transforming guanine to 6-O-methyl (or other alkyls) to be 
read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta, 
521:770-778 (1978) which can be done with the mutagen ethyl methane 
sulfonate (EMS) Microbial Genetics, David Freifelder, Jones and Bartlett 

5 Publishers, Inc., Boston,1987, PP.226-230. 

7. Amination of uracil to cytosine (as performed by the cellular 
enzyme CTP synthetase (Bass, B.L in The RNA World (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, 1993). 

The following are examples of useful chemical modifications that can 
10 be utilized in the present invention. There are a few preferred 
straightforward chemical modifications that can change one base to 
another base. Appropriate mutagenic chemicals are placed on the 
targeting oligonucleotide, e.g., nitrous acid, or a suitable protein with such 
activity. Such chemicals and proteins can be attatched by standard 
15 procedures. These include molecules which introduce fundamental 
chemical changes, that would be useful independent of the particular 
technical approach. See Lewin, £sn§sJ983 John Wilely & Sons, Inc. NY 
pp 42-48. 

The following matrix shows that the chemical modifications noted can 
20 cause transversion reversions (pyrimidine to pyrimidine, or purine to 
purine) in RNA or DNA. The transversions (pyrimidine to purine, or purine 
to pyrimidine) are not preferred because these are more difficult chemical 
transformations. The footnotes refer to the specific desired chemical 
transformations. The bold footnotes refer to the reaction on the opposite 
25 ON A strand. For example, if one desires to change an A to a G, this can be 
accomplished at the DNA level by using reaction #5 to change a T to a C in 
the opposing strand. In this example an A/T base pair goes to A/C , then 
when the DNA is replicated, or mismatch repair occurs this can become 
G/C, thus the original A has been converted to a G. 

30 ISR matrix 

Reverted Base 

Mutant base A T(U) C G 
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A 





Transversion 


Transversion 


DNA5.3/rn A 3 




Transversion I 




DNA5/RNA7 I 


Transversion 




ITransversion 


RNA2/DNA6 


i 


Transversion 




DNA6/RNA6 


Transversion 


Transversion j 





1 Deamination of 5-methyicytosine to create thymidine. 

2 Deamination of cytosine to create uracil. 

3 Deamination of Adenine to be read like G (Inosine). 
5 4 Methylation of cytosine to 5-methylcytosine. 

5 Transforming thymidine (or uracil) to 0 2 -methyl thymidine (or 
0 2 -methyl uracil), to be read as cytosine (Xu, and Swann, Tetrahedron 
Letters 35:303-306 (1994)). 

6 Transforming guanine to 6-O-methyl (or other alkyls) to be 
10 read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta 

521:770-778 (1978)). 

7. Amination of uracil to cytosine. Bass supra, fig. 6c. 
In Vitro Selection Strategy 

Referring to Figure 1Q5, there is provided a schematic describing an 
1 5 approach to selecting for a ribozyme with such base changing activity. An 
RNA is designed that folds back on itself (this is similar to approaches 
already used to select for RNA ligases, Bartel, D. and Szostak, J. (1993) 
Isolation of new ribozymes from a large pool of random sequences. 
Science 261:1411-1418). A degenerate loop opposing the base to be 
20 modified provides for diversity. After incubating this library of molecules in 
a buffer, the RNA is reverse transcribed into DNA (that is, using standard in 
vitro evolution protocol. Tuerk and Gold, 249 Science 505, 1990) , and 
then (he DNA is selected for having a base change. A restriction enzyme 
cleavage and size selection or its equivalent is used to isolate the fraction 
25 of DNAs with the appropriate base change. The cycle could then be 
repeated many tim s. 
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The in vitro selection (evolution) strategy is similar to approaches 
developed by Joyce (Beaudry, A. A. and Joyce, G.F. (1992) Science 257, 
635-641; Joyce, G. F. (1992) Scientific American 2fi7 go-97) and Szostak 
(Bartel, D. and Szostak, J. (1993) Science 261:141 1-1418; Szostak, J. W. 
5 (1993) TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
synthesized wherein, each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 

10 bind to its target (the region flanking the mutant nucleotide), 2) 
complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their base modifying activity, 3) introduction of restriction 
endonuclease site for the purpose of cloning. The degenerate domain can 
be created to be completely random (each of the four nucleotides 

1 5 represented at every position within the random region) or the degeneracy 
can be partial (Beaudry, A. A. and Joyce, G.F. (1992) Science 257, 635- 
641). In this invention, the degenerate domain is flanked by regions 
containing known sequences (see Figure 105), such that the degenerate 
domain is placed across from the mutant base (the base that is targeted for 

20 modification). This random library of nucleic acids is incubated under 
conditions that ensure folding of the nucleic acids into conformations that 
facilitate the catalysis of base modification (the reaction protocol may also 
include certain cofactors like ATP or GTP or an S-adenosyl-methionine (if 
methylation is desired) in order to make the selection more stringent). 

25 Following incubation, nucleic acids are converted into complimentary DNA 
(if the starting pool of nucleic acids is RNA). Nucleic acids with base 
modification (at the mutant base position) can be separated from rest of the 
population of nucleic acids by using a variety of methods. For example, a 
restriction endonuclease cleavage site can either be created or abolished 

30 as a result of base modification. If a restriction endonuclease site is 
created as a result of base modification, then the library can be digested 
with the restriction endonuclease (RE). The fraction of the population that 
is cleaved by the RE is the population that has been able to catalyze the 
base modification reaction (active pool). A new piece of DNA (containing 

35 oligonucleotide primer binding sites for PCR and RE sites for cloning) is 
ligated to the termini of the active pool to facilitate PCR amplification and 
subsequent cycles (if necessary) of selection. The final pool of nucleic 
acids with the best base modifying activity is cloned in to a plasmid vector 
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and transformed into bacterial hosts. Recombinant plasmids can then be 
isolated from transformed bacteria and the identity of clones can be 
determined using DNA sequencing techniques. 

Base modifying enzymatic nucleic acids (identified via in vitro 
5 selection) can be used to cause the chemical modification in vivo. 

In addition, the ribozyme could be evolved to specifically bind a 
protein having an enzymatic base changing acitivity. 

Such ribozymes can be used to cause the above chemical 
modifications in vivo. The ribozymes or above noted antisense-type 
10 molecules can be administered by methods discussed in the above 
referenced art. 

Vlll. Admini stration of Nucleic Acids 

Applicant has determined that double-stranded nucleic acid lacking 
a transcription termination signal can be used for continuous expression of 

15 the encoded RNA. This is achieved by use of an R-loop t i.e., an RNA 
molecule non-covalently associated with the double-stranded nucleic acid 
and which causes localized denaturation ("bubble" formation) within the 
double stranded nucleic acid (Thomas et al., 1976 Prep. Natl- Acad- Sci, 
USA 73, 2294). In addition, applicant has determined that that the RNA 

20 portion of the R-loop can be used to target the whole R-loop complex to a 
desirable intracellular or cellular site, and aid in cellular uptake of the 
complex. Further, applicant indicates that expression of enzymatically 
active RNA or ribozymes can be significantly enhanced by use of such R- 
loop complexes. 

25 Thus, in one aspect, the invention features a method for introduction 

of enzymatic nucleic acid into a cell or tissue. A complex of a first nucleic 
acid encoding the enzymatic nucleic acid and a second nucleic acid 
molecule is provided. The second nucleic acid molecule has sufficient 
complementarity with the first nucleic acid to be able to form an R-loop 

30 base pair structure under physiological conditions. The R-loop is formed in 
a region of the first nucleic acid molecule which promotes expression of 
RNA from the first nucleic acid under physiological conditions. The method 
further includes contacting the complex with a cell or tissue under 
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conditions in which the enzymatic nucleic acid is produced within the cell 
or tissue. 

By "complex" is simply meant that the two nucleic acid molecules 
interact by intermolecular bond formation (such as by hydrogen bonding) 
5 between two complementary base-paired sequences. The complex will 
generally be stable under physiological condition such that it is able to 
cause initiation of transcription from the first nucleic acid molecule. 

The first and second nucleic acid molecules may be formed from any 
desired nucleotide bases, either those naturally occurring (such as 

1 0 adenine, guanine, thymine and cytosine), or other bases well known in the 
art, or may have modifications at the sugar or phosphate moieties to allow 
greater stability or greater complex formation to be achieved. In addition, 
such molecules may contain non-nucleotides in place of nucleotides. 
Such modifications are well known in the art, see e.g., Eckstein et a/., 

15 International Publication No. WO 92/07065; Perrault ef a/. t 1990 Nature 
344, 565; Pieken et a/ M 1991 Science . 253, 314; Usman and Cedergren, 
1992 Trends in Biochem. ScL 17, 334; Usman et a/., International 
Publication No. WO 93/15187; and Rossi et a/. ( International Publication 
No. WO 91/03162, as well as Sproat.B. European Patent Application 

20 92110298,4 which describe various chemical modifications that can be 
made to the sugar moieties of enzymatic RNA molecules. All these 
publications are hereby incorporated by reference herein. 

By "sufficient complementarity' is meant that sufficient base pairing 
occurs so that the R-loop base pair structure can be formed under the 
25 appropriate conditions to cause transcription of the enzymatic nucleic acid. 
Those in the art will recognize routine tests by which such sufficient base 
pairs can be determined. In general, between about 15-80 bases is 
sufficient in this invention. 

By "physiological condition" is meant the condition in the cell or 
30 tissue to be targeted by the first nucleic acid molecule, although the R-loop 
complex may be formed under many other conditions. One example is use 
of a standard physiological saline at 37°C, but it is simply desirable in this 
invention that the R-loop structure exists to some extent at the site of action 
so that the expression of the desired nucleic acid will be achieved at that 
35 site of action. While it is preferred that the R-loop structure be stable under 
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those conditions, even a minimal amount of formation of the R-loop 
structure to cause expression will be sufficient. Those in the art will 
recognize that measurement of such expression is readily achieved, 
especially in the absence of any promoter or leader sequence on the first 
5 nucleic acid molecule (Daube and von Hippel, 1992 Science 258, 1320). 
Such expression can thus only be achieved if an R-loop structure is truly 
formed with the second nucleic acid. If a promoter of leader sequence is 
provided, then it is preferred that the R-loop be formed at a site distant from 
those regions so that transcription is enhanced. 

10 In a related aspect, the invention features a method for introduction 

of ribonucleic acid within a cell or tissue by forming an R-loop base-paired 
structure (as described above) with the first nucleic acid molecule lacking 
any promoter region or transcription termination signal such that once 
expression is initiated it will continue until the first nucleic acid is degraded. 

1 5 In another related aspect, the invention features a method in which 

the second nucleic acid is provided with a localization factor, such as a 
protein, e.g., an antibody, transferin, a nuclear localization peptide, or 
folate, or other such compounds well known in the art, which will aid in 
targeting the R-loop complex to a desired cell or tissue. 

20 In preferred embodiments, the first nucleic acid is a plasm id, e.g., 

one without a promoter or a transcription termination signal ; the second 
nucleic acid is of length between about 40-200 bases and is formed of 
ribonucleotides at a majority of positions; and the second nucleic is 
covalently bonded with a ligand such as a nucleic acid, protein, peptide, 

25 lipid, carbohydrate, cellular receptor, nuclear localization factor, or is 
attached to maleimide or a thiol group: the first nucleic acid is an 
expression plasmid lacking a promoter able to express a desired gene t 
e.g., it is a double-stranded molecule formed with a majority of 
deoxyribonucleic acids; the R-loop complex is a RNA/DNA heteroduplex; 

30 no promoter or leader region is provided in the first nucleic acid; and the R- 
loop is adapted to prevent nucleosome assembly and is designed to aid 
recruitment of cellular transcription machinery. 

In other preferred embodiments, the first nucleic acid encodes one or 
more enzymatic nucleic acids, e.g., it is formed with a plurality of 
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intramolecular and intermolecular cleaving enzymatic nucleic acids to 
allow release of therapeutic enzymatic nucleic acid in vivo. 

In a further related aspect, the invention features a complex of the 
above first nucleic acid molecules and second nucleic acid molecules. 

5 R-looo complex 

An R-loop complex is designed to provide a non-integrating plasmid 
so that, when an RNA polymerase binds to the plasmid, transcription is 
continuous until the plasmid is degraded. This is achieved by hybridizing 
an RNA molecule, 40 to 200 nucleotides in length, to a DNA expression 

1 0 plasmid resulting in an R-loop structure (see figure ins) . This RNA, when 
conjugated with a ligand that binds to a cell surface receptor, triggers 
internalization of the plasmid/RNA-ligand complex. Formation of R-loops in 
general is described by DeWet, 1987 Methods in En7 V mni 145, 235; 
Neuwald et al., 1977 J, Virol, 21,1019; and Meyer et al„ 1986 J. Ult. Mol. 

1 5 Str, Rgs, 96, 187. Thus, those in the art can readily design complexes of 
this invention following the teachings of the art. 

Promoters placed in retroviral genomes have not always behaved as 
planned in that the additional promoter will serve as a stop signal or 
reverses the direction of the polymerase. Applicant was told that creation 

20 of an R-loop between the promoter and the reporter gene increased the 
transfection efficiency. Incubation of an RNA molecule with a double- 
stranded DNA molecule, containing a region of complementarity with the 
RNA will result in the formation of a stable RNA-DNA hetroduplex and the 
DNA strand that has a sequence identical to the RNA will be displaced into 

25 a loop-like structure called the R-loop. This displacement of DNA strand 
occurs because an RNA-DNA duplex is more stable compared to a DNA- 
DNA duplex. Applicant was also told that an 80 nt long RNA was used to 
generate a R-loop structure in a plasmid encoding the B-galactosidase 
gene. The R-loop was initiated either in the promoter region or in the 

30 leader sequence. Plasmids containing an R-loop structure were 
microinjected into the cytoplasm of COS cells and the gene expression 
was assayed. R-loop formation in the promoter region of the plasmid 
inhibited expression of the gene. RNA that hybridized to the leader 
sequence between the promoter and the gene, or directly to the first 80 

35 nucleotides of the mRNA increased the expression levels 8-10 fold. The 
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proposed mechanism is that R-loop formation prevents nucleosome 
assembly, thus making the DNA more accessible for transcription. 
Alternatively, the R-loop may resemble a RNA primer promoting either DNA 
replication or transcription (Daube and von Hippel, 1 992, supra) . 

5 One of the salient features of this invention is to generate R-loops in 

expression vectors of choice and introduce them into cells to achieve 
enhanced expression from the expression vector. The presence of an R- 
loop may aid in the recruitment of cellular transcription machinery. Once 
an RNA polymerase binds to the plasmid and initiates transcription, the 
1 0 process will continue until a termination signal is reached, or the plasmid is 
degraded. 

This invention will increase the expression of ribozymes inside a 
cell. The idea is to construct a plasmid with no transcription termination 
signal, such that a transcript-containing multiple ribozyme units can be 
1 5 generated. In order to liberate unit length ribozymes, self-processing 
ribozymes can be cloned downstream of each therapeutic ribozyme ( see 
figure 1Q7V as described by Draper supra. 

Liaand Tamating 

Another salient feature of this invention is that the RNA used to 

20 generate R-loop structures can be covalently linked to a ligand (nucleic 
acid, proteins, peptides, lipids, carbohydrates, etc.). Specific ligands can 
be chosen such that the ligand can bind selectively to a desired cell 
surface receptor. This ligand-receptor interaction will help internalize a 
plasmid containing an R-loop. Thus, RNA is used to attach the ligand to the 

25 DNA such that localization of the gene to certain regions of the cell is 
achieved. One of several methods can be used to attach a ligand to RNA. 
This includes the incorporation of deoxythymidine containing a 6 carbon 
spacer having a terminal primary amine into the RNA (see figure mm This 
amino group can be directly derivatized with the ligand, such as folate (Lee 

30 and Low, 1994 J, gipl. Chem, 269. 3198-3204). The RNA containing a 6 
carbon spacer with a terminal amine group is mixed with folate and the 
mixture is reacted with activators like 1-(3-Dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (EDC). This reaction should be carried 
out in the presence of 1 -Hydroxybenzotriazole hydrate (HOBT) to prevent 

35 any undesirable side reactions. 
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The RNA can also be derivatized with a heterobifuctional 
crosslinking agent (or linker) like succinimidyl 4-(p- 
maleimidophenyl)butyrate (SMPB). The SMPB introduces a maleimide 
into the RNA. This maleimide can then react with a thiol moiety either in a 
peptide or in a protein. Thiols can also be introduced into proteins or 
peptides that lack naturally occurring thiols using succinylacetylthioacetate. 
The amino linker can be attached at the 5' end or 3' end of the RNA. The 
RNA can also contain a series of nucleotides that do not hybridize to the 
DNA and extend the linker away from the RNA/DNA complex, thus 
increasing the accessibility of the ligand for its receptor and not interfering 
with the hybridization. These techniques can be used to link peptides such 
as nuclear localization signal (NLS) peptides (Lanford et al., 1984 £§]! 37, 
801-813; Kalderon et al., 1984 Qs\i 39, 499-509; Goldfarb et al., 1986 
Nature 322, 641-644)and/or proteins like the transferrin (Curiel et al., 1991 
Prpp. Natl, Acad, Spi, USA 88, 8850-8854; Wagner et al., 1992 Proc. Natl. 
Acad, S<?i, USA 89, 6099-6103; Giulio et al., 1994 Cell. Signal. 6, 83-90) to 
the ends of R-loop forming RNA in order to facilitate the uptake and 
localization of the R-loop-DNA complex. To link a protein to the ends of R- 
loop forming RNA, an intrinsic thiol can be used to react with the maleimide 
or the thiols can be introduced into the protein itself using either 
iminothiolate or succinimidyl acetyl thioacetate (SATA; Duncan et al., 1983 
Anal, Biochem 132, 68). The SATA requires an additional deprotection 
step using 0.5 M hydroxylamine. 

In addition liposomes can be used to cause an R-loop complex to be 
delivered to an appropriate intracellular cite by techniques well known in 
the art. For example, pH-sensitive liposomes (Connor and Huang, 1986 
Cancer Reg, 46, 3431-3435) can be used to facilitate DNA transfection. 

Calcium phosphate mediated or electroporation-mediated delivery of 
the R-loop complex in to desired cells can also be readily acomplished. 

In vitro Section 

In vitro selection strategies can be used to select nucleic acids that a) 
can form stable R-loops b) selectively bind to specific cell surface 
receptors. These nucleic acids can then be covalently linked to each other. 
This will help internalize the R-loop-containing plasmid efficiently using 
receptor-mediated endocytosis. The in vitro selection (evolution) strategy is 
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similar to approaches developed by Joyce (Beaudry and Joyce, 1992 
3£ia0£fi257, 635-641; Joyce, 1992 Scientific Amariran 267, 90-97) and 
Szostak (Bartel and Szostak, 1993 Science 261:1411-1418; Szostak, 
1993 TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
5 synthesized wherein each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 
bind to its target (a specific region of the double strand DNA), 2) 

10 complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their affinity to form R-loop and/or their ability to bind to a 
specific receptor, 3) introduction of a restriction endonuclease site for the 
purpose of cloning. The degenerate domain can be created to be 
completely random (each of the four nucleotides represented at every 

1 5 position within the random region) or the degeneracy can be partial 
(Beaudry and Joyce, 1992 Science 257, 635-641). In this invention, the 
degenerate domain is flanked by regions containing known sequences. 
This random library of nucleic acids is incubated under conditions that 
ensure equilibrium binding to either double-stranded DNA or cell surface 

20 receptor. Following incubation, nucleic acids are converted into 
complementary DNA (if the starting pool of nucleic acids is RNA). Nucleic 
acids with desired characteristics can be separated from the rest of the 
population of nucleic acids by using a variety of methods (Joyce, 1992 
SUPra). The desired pool of nucleic acids can then be carried through 

25 subsequent rounds of selection to enrich the population with the most 
desired traits. These molecules are then cloned in to appropriate vectors. 
Recombinant plasmids can then be isolated from transformed bacteria and 
the identity of clones can be determined using DNA sequencing 
techniques. 

30 Other embodiments are within the following claims. 
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TABL5 I 



Characteristirs of Ribozvme^ 

Group I Introns 

Size: -200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavaqe 
site, 3 
Binds 4-6 nucleotides at 5' side of cleavage site. 
Over 75 known members of this class. Found in Tetrahymena 
thermophita rRNA t fungai mitochondria, chioroplasts, phage T4 blue- 
green algae, and others. 

RNAseP RNA (M1 RNA) 

Size: -290 to 400 nucleotides. 

RNA portion of a ribonucieoprotein enzyme. Cleaves tRNA precursors 
to form mature tRNA. 

Roughly 10 known members of this group ail are bacterial in origin. 

Hammerhead Ribozyme 
Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5' of the cleavage site. 
Binds a variable number nucleotides on both sides of the cleavage 
site. 

14 known members of this class. Found in a number of plant 
pathogens (virusoids) that use RNA as the infectious agent (Figures 1 
and 2) 

Hairpin Ribozyme 
Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3' of the cleavage site. 
Binds 4-6 nucleotides at 5' side of the cleavage site and a variable 
number to the 3' side of the cleavage site. 

Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle virus) which uses RNA as the 
infectious agent (Figure 3). 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 - 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. • 

Binding sites and structural requirements not fully determined, 

although no sequences 5' of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 4). 

Neurospora VS RNA Ribozyme 

Size: -144 nucleotides (at present) 
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Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. 

Binding sites and structural requirements not'fully determined Onlv 1 

known member of this class. Found in Neurcspora VS RNA (Figure 5) 
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Table 2 

Human ICAM HH Target sequence 



nt. Position Target Sequences 



u 


CCCCAGU C GACGCUG 


23 


CDGAGCO C CUCUGCU 


26 


AGCUCCU C CGCUACU 


31 


CUCUGCU A CUCAGAG 


34 


UGCUACU C AGAGUUG 


40 


UCAGAGU U GCAACCU 


48 


GCAACCU C AGCCUCG 


54 


UCAGCCU C GCUACGG 


58 


CCUCGCU A OGGCUCC 


64 


UAUGGCU C CCAGCAG 


96 


ccGCAca c cutjuucc 


102 


UCCDGGU C CUGCUCG 


108 


UCCDGCU C GGGGCUC 


115 


CGGGGCU C UGOOCCC 


113 


gcucugu a cccagga 


120 


CUCUGUU C CCAGGAC 


146 


CAGACAU C CGOGUCC 


152 


UCUGUGU C CCCCUCA 


158 


UCCCCCU C AAAAGUC 


165 


CAAAAGU C AUCCUGC 


168 


AAGUCAU C CUGCCCC 


185 


GGAGGCU C CGUGCUG 


209 


AGCACCU C CUGCGAC 


227 


CCCAAGU U GUUGGGC 


230 


AAGUUGU 0 GGGCAIDl 


237 


TJGGGCAU A GAGACCC 


248 


ACCCCGU a GCCUAAA 


253 


GUUGCCU A AAAAGGA 


263 


AAGGAGU U GCOCCUG 


267 


AGUOSCU C CUGCOJG 


293 


AAGGOGU A OGAACUG 


319 


AGAAGAU A GCCAACC 


335 


AUGUGCU A DUCAAAC 


337 


GUGCUAU U CAAACOG 


338 


UGCUAUU C AAACUGC 


359 


GGGCAGU C AACAGCU 


367 


AACAGCU A AAACCUU 


374- 


AAAACCU U CCUCACC 


375 


AAACCUU C OJCACCG 


378 


CCUUCCU C ACCGUGU 



nt. Position Target Sequences 



386 


ACCGUGU A CUGGACT 


394 


CUGGACU C CAGAACG 


420 


caccccu c cccucnu 


425 


CUCCCCU C rT DSG»n 


427 


CCCCUCU U GS»cr^ 


450 


AGAAfTTT £7 JVf^rmr 


451 


GAACCTJU A CTTTart 


456 




495 


CCAACCU C xrrrrrT^z 


510 


UGCDSCU f* rvTf ywy 


564 


CUGAGGTJ f ir"^ic*r»^ 


592 


GAGAGATJ c 


607 


AGCCAATT T7 TirTTPfTTr: 


608 


GCCAACU rr rTirrJTry* 


609 


CCAADUU r TTPfrTrv*^ 


oil 




656 


GAG^^CU n Ttczirzi ^r* 


657 




663 


AACACTTT czr~r*r*r~ 


677 


GCCC^CTTT 1 r^ir^r 


684 




692 




693 




696 


CfTTTTTTriTT f **"T'^** , ^r , n /■• 


709 


avj^w*kuu c CwCCACA 


720 




723 


AACOTOT C AGCCCCC 


735 


CCCGGGC7 C CUAGAGG 


738 


GGGUCCU A GAGGUGG 


765 


CCGUGGu C UGUUCCC 


769 


GGUCUGU U CCCUGGA 


770 


GUCUGUU C CCUGGAC 


785 


GGGCUGU U CCCAGUC 


786 


GGCCGUU C CCAGUCU 


792 


. UCCCAGU C UCGGAGG 


794 


CCAGUCU C GGAGGCC 


807 


CCCAGGU C CACCUGG 


833 


CAGAGGU U GAACCCC 


846 


CCACAGU C ACCUAUG 


851 


GUCACCU A UGGCAAC 
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363 AACGACU C COCCUCG 1408 

866 GACJCCU U COCGGCC 1410 

367 ACUCCUU C UCGGCCA 1421 

869 UCCUUCD C GGCCAAG 1425 

881 AAGGCCU C AGOCAGU 1429 

885 CCUCAGU C AGCGOGA 1444 

933 GUGCAGU A ADACOGG 1455 

936 CAGOAAU A CCGGGGA 1482 

978 UGACCAU C OACAGCU 1484 

980 ACCAUCU A CAGCUUU 1493 

966 OACAGCT CJ UCCGGCG 1500 

987 ACAGCOT a CCGGCGC 1503 

988 CAGCOUU C CGGCGCC 1506 

1005 ACGCGAU U COEkCGA 1509 

1006 CGUGAOU C DGACGAA 1518 
1023 CAGAGGU C OCAGAAG 1530 
1025 GAGGUCU C AGAAGGG 1533 
1066 CCACCCa A GAGCCAA 1551 

1092 AOGGGGU a CCAGCCC 1559 

1093 UGGGGUU C CAGCCCA 1563 
1125 CCCAGCU C CDGCUGA 1565 
1163 CGCAGCa U CDOCOGC 1567 

1154 GCAGCOa C UCC0GOJ 1584 

1155 AGCUUCU C O X SC U O J 1592 

U72 uccasca c ogcaacc 1599 

1200 GCCAGCU a AUACACA 1651 

1201 CCAGCUU A GACACAA 1661 
1203 AGCUUAU A CACAAGA 1663 

1227 GGGAGCU U CGOGDCC 1678 

1228 GGAGCUU C GOGOCCU 1680 
1233 UUCGOGU C COGDMG 1681 
1238 GUCCUGU A OMQCC G 1684 
1264 GAGGGAU U GUCCGGG 1690 
1267 GGAUCGU C CGGGAAA 1691 

1294 AGAAAAU U CCCAGCA 1696 

1295 GAAAADU C CCAGCAG 1698 
1306 GCAGACU C CAAOGUG 1737 
1321 CCAGGOJ U GGGGGAA 1750 
1334 AACCCAU U GCCCGAG 1756 
1344 CCGAGOJ C AAGOGCC 1787 
1351 CAAGOGU C UAAAGGA 1790 
1353 AGUGUCU A AAGGADG 1793 

1366 0GGCAO7 U UCCCACU 1797 

1367 GGCACUU U CCCACUG 1802 

1368 GCACTOU C CCACUGC 1812 
1380 UGCCCAU C GGGGAAU 1813 
1388 GGGGPAU C AG0SAO7 1825 
1398 UGACUGU C ACUCGAG 1837 
1402 UGUCACU C GAGAUOJ 1345 



PCT/IB95/00156 



CCGAGAU C UUGAGGG 
GAGADOJ U GAGGGCA 
GGCACCU A COJCUGU 
CCUACCU C UGUCGGG 
CCUCUGU C GGGCCAG 
GAGCACU C AAGGGGA 
GGGAGGU C ACCCGCG 
AUGCGCU C UCCCCCC 
GUGCDCU C CCCCCGG 
CCCCGGU A DGAGAUU 
AUGAGAU a GUCAUCA 
AGAUUGU C AUCAUCA 
UUGOCAU C AUCACUG 
UCAECAU C ACOGUGG 
OJGUGGU A OOGCCG 
CCGCAGU C AUAAUGG 
CAGOCAU A ADGGGCA 
CAGGCOJ C AGCACGU 
AGCACGU A CCUCDAU 
CGUACCU C UAUAACC 
UACCUCU A UAACCGC 
CCUCUAU A ACCGCCA 
GGAAGAU C AAGAAAU 
AAGAAAU A CAGACUA 
ACAGACU A CAACAGG 
CACGCCU C CCUGAAC 
UGAACCU A OCCCGGG 
AACCUAU C CCGGGAC 
AGGGCOJ C UUCCUCG 
GGCCUCU 17 CCUCGGC 
GCCUCUU C CUCGGCC 
UCUUCCU C GGCCUUC 
UCGGCCU U CCCAtJAU 
CGGCCUU C CCADAUU 
UUCCCAU A UUGGUGG 
CCCAUAU U GGUGGCA 
AAGACAU A UGCCAUG 
UGCAGCU A CACCUAC 
UACACCU A CCGGCCC 
AGGGCAU U GUCCUCA 
GCAUUGU C CUCAGUC 
UUGUCCU C AGUCAGA 
CCUCAGU C AGAUACA 
GUCAGAU A CAACAGC 
ACAGCAU U UGGGGCC 
CAGCAUU U GGGGCCA 
CCADGGU A CCTOCAC 
CACACCU A AAACAOJ 
AAACACU A GGCCACG 
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1356 CACGCAU C UGAUCUG 

1361 AUCUGAU C UGUAGUC 

1865 GAUCUGU A GUCACAU 

1868 CJGUAGU C ACADGAC 

1877 CAUGACU A AGCCAAG 

1501 CAAGACU C AAGACAU 

1912 ACAOGAU U GACGGAU 

1322 UGGADGU U AAAGUCU 

1923 GGADGUU A AAGUCUA 

1928 UUAAAGU C UAGCCUG 

1930 AAAGUCU A GCCUGAU 

1964 GAGACAU A GCCCCAC 

1983 AGGACAU A CAACUGG 

1996 GGGAAAtJ A CUGAAAC 

2005 UGAAACU U GCCGCCU 

2013 GCUGCCU A UUGGGUA 

201S UGCCUAU U GGGUAXJG 

2020 AUUGGGU A UGCUGAG 

2039 ACAGACU U ACAGAAG 

2040 CAGACUU A CAGAAGA 
2057 UGGCCCU C CAUAGAC 
2061 CCUCCAU A GACADGU 
2071 CADGOGU A GCADCAA 
2076 GUAGCAU C AAAACAC 

2097 CCACACU U CCCGACG 

2098 CACACUU C CUGACGG 
2115 GCCAGCa U GGGCAOJ 
2128 CJGCUGU C UACUGAC 
2130 GCUGUCU A CDGACCC 
2145 CAACCOJ a GAGGAUA 
2152 UGATCAU A UGOADUU 
2156 GAUADGU A UUUAUUC 

2158 UAUGUAU U UAEUCAU 

2159 AUGUAUU U AUCCAUU 

2160 UGUAUUU A UUCADUU 

2162 UAUUUAU U CAUUUGU 

2163 AUUUAUU C ADUUGUU 

2166 UADUCAU U UGUUAUU 

2167 AUUCAUU U GUUAUUU 

2170 cauuugu u auuuuac 

2171 AUUUGUU A UUUUACC 

2173 UDGDUAU U UUACCAG 

2174 UGUUAUU U UACCAGC 

2175 GUUADUU U ACCAGCU 

2176 UUAUUUU A CCAGCUA 
2183 „ . ACCAGOJ A UtJUAUUG 
2135 CAGCUAU U UAUUGAG 

2186 AGCUADU U AUUGAGU 

2187 GCUAUUU A UUGAGUG 



2189 

2196 

2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2233 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 
2448 
2449 



UAUUUAU U GAGUGUC 
UGAGUGU C UUUGAUG 
AGUGUCU U UUAUGUA 
GUGUCUU U UAUGUAG 
UGUCUUU U AUGUAGG 
GDCUUUU A UGUAGGC 
UUUAUGU A GGCUAAA 
GUAGGCU A AAUGAAC 
UGAACAU A GGCCUCU 
CAUAGGU C UCUGGCC 
UAGGUCU C UGGCCUC 
C3GGCCU C ACSGAGC 
CGGAGCU C CCAGUCC 
UCCCAGU C CACGUCA 
UCCAUGU C ACADUCA 
GUCACAU U CAAGGUC 
UCACAUU C AAGGUCA 
UCAAGGU C ACCAGGU 
ACCAGGU A CAGUGGU 
GUACAGU U GUACAGG 
CAGUUGU A CAGGUUG 
UACAGGU a GUACACU 
AGGUUGU A CACUGCA 
AAAAGAU C AAAOGGG 
UGGGACU U CUCAUUG 
GGGACUU C UCADDGG 
GACUUCU C AUUGGCC 
UUCUCAU a GGCCAAC 

ccugccu u uccccag 

CUGCCUU U CCCCAGA 
OGCCUUU C CCCAGAA 
GAGUGAU U UUUCUAU 
AGUGAUU a UUCUAUC 
GUGAUUU U UCUAUCG 
UGAUUUU U CUAUCGG 
GAUUUUU C UADCGGC 
UUUUUCU A UCGGCAC 
UUUCUAU C GGCACAA 
AAGCACU A UAUGGAC 
GCACUAU A UGGACUG 
GACUGGU A ADGGDUC 
UAADGGU U CACAGGU 
AAUGGUU C ACAGGUU 

" CACAGGU U CAGAGACJ 
ACAGGUU C AGAGAUU 
CAGAGAU U ACCCAGU 
AGAGAUU A CCCAGUG 
GAGGCCU U AUUCCUC 

AGGCCUU A UUCCUCC 
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2451 GCCUUAU a CCUCCOJ 2750 

2452 CCUUAUU C CUCCCUU 2759 
2455 UAUUCCU C CCUUCCC 2761 

2459 CCUCCOJ U CCCCCCA 2765 

2460 CUCCCUU C CCCCCAA 2769 

2479 GACACCU U OGUUAGC 2797 

2480 ACACCUU U GUUAGCC 2803 

2483 CCUUUGU U AGCCACC 2804 

2484 CUUUGUU A GCCACCU 2813 
2492 GCCACCU C CCCACCC 2815 
2504 CCCACAU A CAUUUCU 2821 

2508 CAUACAU U UCCGCCA 2822 

2509 AUACAUU U CDGCCAG 2823 

2510 UACADUU C UGCCAGU 2829 

2520 CCAGUGU a CACAADG 2837 

2521 CAGUGUU C ACAADGA 2840 
2533 UGACACU C AGCGGUC 2847 
2540 CAGCGGU C AUGUCUG 2853 
2545 GUCADGU C UGGACAU 2860 
2563 AGGGAAU A DGCCCAA , 2872 
2579 CCAAGCa A UGCCUUG 2877 
2585 UADGCCU a GOCC U C U 2899 
2588 GCCUUGU C C O C UUmj 2900 
2591 UUGCCCU C UUGUCCU 2904 
2593 GUCCUCU U GUCCOGU 2905 
2596 CUCUUGU C CCGUUUG 2906 

2601 GUCCUGU U UGCAUUU 2907 

2602 UCCGGUU U GCADUUC 2908 

2607 UUUGCAU U UCACUGG 2909 

2608 UUGCAUU U CACUGGG 2910 

2609 UGCADUU C ACUGGGA 29U 
2620 GGGAGCU C GCACUAU 2912 
2626 UUGCACU A UUGCAGC 2913 
2628 GCACUAU U GCAGCUC 2914 
2635 UGCAGCU C CAGUUUC 2915 

2640 CUCCAGU U OCC UG CA 2916 

2641 • UCCAGUU U CCUGCAG 2917 

2642 CCAGUUU C CUGCAGU 2918 
2633 CAGOTAU C AGGGUCC 2919 
2659 UCAGGGU C CUGCAAG 2931 
2689 CCAAGGQ A UUGGAGG 2933 
2691 AAGGUAU U GGAGGAC 2941 
2700 GAGGAOJ C CCOCCCA 2951 
2704 ACUCCCU C CCAGCUU 2952 

2711 CCCAGCU U UGGAAGG 2955 

2712 CCAGCUU U GGAAGGG " 2956 
2721 GAAGGGU C ACCCGCG 2961 
2724 GGGUCAU C CGCGUGU 2962 
2744 UGUGUGU A UGUGUAG 2965 
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UAUGUGU A GACAAGC 
ACAAGCU C UCGCUCU 
AAGCUCU C GCUCUGU 
UCUCGOJ C UGUCACC 
GCUCUGU C ACCCAGG 
GUGCAAU C ADGGUUC 
UCAUGGU u CACUGCA 
CAUGGUU C ACUGCAG 
CUGCAGU C UUGACCU 
GCAGUCU U GACCUUU 
UUGACCU U UUGGGCU 
UGACCUU a UGGGCUC 
GACCUUU U GGGCUCA 
UUGGGCU C AAGUGAU 
AAGUGAU C CUCCCAC 
UGAUCCU C CCACCUC 
CCCACCU C AGCCUCC 
UCAGCCU C CUGAGUA 
CCUGAGU A GCUGGGA 
GGACCAU A GGCUCAC 
AUAGGCU C ACAACAC 
GGCAAAU U UGAUUUU 
GCAAAUU U GAUUUUU 
AUUUGAU U UUUUUUU 
UUUGAUU U UUUUUUU 
UUGAUUU U UUUUUUU 
UGAUUUU U UUUUUUU 
GAUUUUU U UUUUUUU 
AUUUUUU U UUUUUUU 
UUUUUUU U UUUUUUU 
UUUUUUU U UUUUUUU 
UUUUUUU u uuuuuuc 

UUUUUUU U UUUUUCA 
UUUUUUU U UUUUCAG 
UUUUUUU* U UUUCAGA 
UUUUUUU U UUCAGAG 
UUUUUUU U UCAGAGA 
UUUUUUU U CAGAGAC 
UUUUUUU C AGAGACG 
ACGGGGU C UCGCAAC 
GGGGUCU C GCAACAU 
GCAACAU U GCCCAGA 
CCAGACU U CCUUUGU 
CAGACUU C CUUUGUG 
ACUUCCU U UGUGUUA 
CUUCCUU U GUGUUAG 
UUUGUGU U AGUUAAU 
UUGUGUU A GUUAAUA 
UGUUAGU U AAUAAAG 
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2966 
2969 
2975 
2976 
2977 
2979 



GUUAGUU A AUAAAGC 
AGCUAAU A AAGCCOT 
UAAAGCU a UCCCAAC 
AAAGCUO a CUCAACU 
AAGCUCU C UCAAOXj 
GCUUUCU C AACOGCC 
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Table 3 

Mouse ICAM HH Target Sequence 
nt. Position Target Sequence 
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nt. Position Target Sequence 



11 


CCCuyGO C acCGuCG 


367 


23 


CaGuGgO u CUCOGCU 


374 




uGgUuCU C CGCUcOJ 


375 


31 


CUOX3CU c COCcaca 


378 


34 


UuOJcaU a AGgGUcG 


386 


A A 

40 


gCAcAcU U GuAgCCT 


394 


48 


aggACOJ C AGCCEgG 


420 


54 


UggGCCU C GugADGG 


425 


58 


CaUgcCTJ u UaGCUCC 


427 


54 


cAcccOT C CCAGCAG 


450 


96 


Cucugca C CUGGcCC 


451 


102 


UgCcaGa a COGCUgG 


456 , 


108 


cuCOGCU C cuGGCcC 


495 


115 


uGGuuCU C TOcCCCu 


510 


IIS 


GgaaOGQ c aCCAGGA 


564 


120 


CUOJScU C CugGccC 


592 


146 


CAGuCgO C cGcuCCC 


607 




UCUGJXJU C agCCaCu 


508 


1 CO 

loo 


UCCuguQ u AAAAacC 


609 


loo 


CAgAAGU u gOtruOGC 


611 


100 


AAGcCuCJ C COGCCCC 


556 




GGuGGgtJ C CGOGCaG 


557 




gcCACuCJ C CtJcOGgC 


668 


^2 / 


CagAAGU U GUUlmGC 


677 




AAGUOGU U uuGCucc 


684 


A J / 


UGuGCuU u GAGAaCu 


692 


24o 


AaCCCaU c uCCUAAA 


593 


253 


ccUGCCU A AggAaGA 


696 


263 


AgGGuuCJ e uCUaCUG 


709 


267 


AGggGCU C CCGCCUa 


720 


293 


AAGcDGU u DGAgCUG 


723 


319 


AGgAGAU A cugAgCC 


735 


335 


cDGOGOJ u UgagAAC 


728 


.} J / 


GUcCaAU U CAcACOG 


765 


338 


aGCUgUU u gAgCUGa 


769 


359 


GuGCAGO C guCcGCU 


770 


785 


GGcCCGU U uCCuGcC 


1353 


786 


GcCCGUU u CCuGcCU 


1366 


792 


UggagGtf C UCGGAaG 


1367 


794 


CugGgCU u GGAGaCu 


1363 


80T 


CuCgGaU a uACCUGG 


1230 


833 


CAaAGcU c GAcaCCC 


- 1388 


846 


CCcugGU C ACCguOG 


1398 


851 


GagACCU c UacCAgC 


1402 



AAugGCU u cAACCcg 
gAAgCCU U COJgcCC 
AAgCCUU C OJgcCCc 
CuacCaU C ACCGUGU 
ACCSCGU A uUcGuuU 
CcGGACU u ucGAuCu 
CACaCuU C CCCcCcg 
CaCCCOJ C ccaGCAG 
CagCCCU c aGCAGug 
AGgACCU c ACCOJgC 
GAAaCcU u uCCUuuG 
UOACCCU c aGCcaCu 
CuAcCaD C ACCGUGu 
UGCOGCU C CGCGGGG 
CXJcAGGU a uCcAuCc 
GAaAGAU C ACaugGG 
AGCCAAU U UCUCaCG 
GCCAADU U CUCaCGC 
CCAAUUU C UCaUGCC 
AAUUUCU C aCGCCGC 
aAGCCGU U UGAGcug 
AGCUGUU U GAGcugA 
cgagCCa a GGCCaCC 
GaCCuCU A CCAGCcu 
uuCAGOJ C CgGuCCa 
CgGACua U cGauCUu 
AGgaCcU c acCCUGC 
CCUgUUU C COGCCuc 
SGCGgCU C CaCCuCA 
uACAAOJ U uUCAGCu 
AACUUuU C AGCuCCg 
aCCaGaU C OJgGAGa 
uGGgCCU c GuGaUGG 
CaGUcGU C cGcUuCC 
GGcCUGU U uCCOGcc 
uUuCGcU C COJGGAa 
AGUGggU c gAaGgUG 
UaaCAgU c UaCaACU 
aGCACcU c CCCACcu 
GuACUgCJ a CCACUcu 
UGCCCAU C GGGGugg 
GGaGAcCJ C AGUGgCU 
UGgCUGU C ACagaAc 
UGUgcuU u GAGAaCU 
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863 


AgCcACU u CcOCUgG 


1408 


866 


GAagCCU a CcuGcCC 


1410 


867 


AuOCgOU u cCGGagA 


1421 


869 


OCuffcCU C augCAAG 


1425 


881 


AuGGCuU C AacCcGO 


1429 


885 


CCOugOT a gagGUGA. 


1444 


933 


cUauAaU c ADuCDGG 


1455 


936 


uAaUcAU u COGGuGc 


1482 


978 


"JaACagU C OACAaCU 


1484 


980 


ACagUCU A CAaCUUU 


1493 


986 


UACAaCU O" OuCaGCu 


1500 


987 


ACAaCOU U uCaSCuC 


1503 


988 


CAaCUUU u CaGCuCC 


1506 


1005 


ACcaGAC c CUGgaGA 


1509 


1006 


uGaGAgU C OGggGAA 


1518 


1023 


UgGAGGU C UCgGAAG 


1530 


1025 


GAGGOCCT C gGAAGGG 


1533 


1066 


CCACuCU e aAaauAA 


1551 


1092 


AcuGGaCJ c uCAGgCC 


1559 


1093 


UGGacea u CAGCCaA 


1563 


1125 


CCCAaCU C uUcuOGA 


1565 


1163 


CGaAGCU U CUuuUGC 


1567 


1164 


GaAGCUU C OuuOGCU 


1584 


1166 


AGCUUCU u uCGCUCU 


1592 


1172 


UCCUGuU u aaaAACC 


1599 


1200 


cuCuGCU c cScCVCA 


1651 


1201 


gCuGCUU u OgaACAg 


1661 


1203 


AcuOOuU u CACcAGu 


1663 


1227 


GGuAcaU a CGOGDgC 


1678 


1228 


GaAGCUU C uUuUgCU 


1680 


1233 


UUCGUuU C CgGagaG 


1681 


1238 


GUgCUGU A UGGuCCu 


1684 


1264 


GAaGGgU e GUgCaaG 


1690 


1267 


uGAgaGU C uGGGgAA 


1691 


1294 


AGgAgAU a CugAGCc 


1696 


1295 


GAggggU C uCAGCAG 


1698 


1306 


GCAGACU C ugAaaUG 


1737 


1321 


gaAGGCU e aGGaGgA 


1750 


1334 


AACCCAU c uCCuaAa 


1756 


1344 


auGAGCU C gASaGOg 


1787 


1351 


ugAaUGU a QAAguuA 


1790 


1793 


UgGUCCU C gGcugGA 


2173 


1797 


CacCAGU C AcADAaA 


2174 


1802 


acCAGAU c CuggASa 


2175 


1812 


ACuGgAU c UcaGSCC 


2176 


1813 . 


CAGCAUU U acccuCA 


2183 


1825 


CCAeGcU A CCOcugC 


2185 


1837 


CAugCCU u uAgCuCc 


2186 


1845 


cgAgcCU A GGCCACc 


2187 



gCGAGAU C 
GAGgUCU c 
ccCACCU A 
aCUgCCU u 
uCUCUaU u 
GAaggCU 
GGaAuGU 
AguUGuU 
cUGuCJCU 
CuguGcU 
AUGAaAU 
gGAcUaU 
UUaUguU 
cuAcCAU 
ucaOGGU 
CuauAaU 
ugGUCAD 
CAuGCCU 
AGCACctJ 
CuUAugU 
UAugUuU 
ugUuOAU A 
GaAAGAU C 
AgGAuAU A 
ACAagua A 
CcCaCCU C 
gaAACOJ u 
AACCUuU C 
AGGaCOJ C 
aGCCaOJ U 
GCCaCUU C 
aCUUCCU 
cCGGaOJ 
CGGaCUU 
UgCCCAU 
CggAUAU 
gAGACcU 
gGCgGCU 
gAagCCU 
gaGaCACJ U 
GCADUOT u 
UQagagCJ V 
UagagOU U 
agagUUU U 
gagUUOU A 
ACCAGCU A 
CAGCUAU U 
AGCOAUU U 
GOJACUU A 



ggGgaGG 
GgaaGgg 
CuUuUGU 
gGUaGaG 
GccCCuG 
AgGaGGA 
ACCaGga 
UgCuCCC 
CCuCauG 
UGAGAac 
aUggUCc 
AUCAUuc 
AUaACcG 
ACcGOGu 
cCAGgCG 
AUucOGG 
gUGGGCc 
AGCAgcU 
CCcacca 
OAUAACC 
UAACTGC 
ACCGCCA 
AgGAuAU 
CAaguUA 
CAgaAGG 
CCDGAgC 
UCCuuuG 
CuuuGAa 
agCOJgG 
CCUCuGg 
CUCuGgC 
uGgCUgu 
uCgAUca 
CgAUcUU 
ggGGUGG 
ccUGGag 
UaCCAgc 
CACCUca 
CCUGCCC 
GUCCcCA 
CUCuaau 
UUACCAG 
UACCAGC 
ACCAGCU 
CCAGCUA 
UUUAUUG 
UAUDGAG 
AUUGAGU 
UUGAGUa 
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1856 

1361 

1365 

1863 

1877 

1901 

IS 12 

1922 

1923 

1928 

1930 

1964 

1983 

1996 

2005 

2013 

2015 

2020 

2039 

2040 

2057 

2061 

2071 

2076 

2097 

2098 

2115 

2128 

2130 

2145 

2152 

2156 

2158 

2159 

2160 

2162 

2163 

2166 

2167 

2170 

2171 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 



CggaCuU 
AcaCGAU 
cAcuCGU 
CaccAGU 
CAUGcCU 
uAAaACU 
AuADagU 
UGaAUGU 
uGAUGcU 
UUAgAGU 
AgAGUUU 
GAGACAU 
AGGAllAU 
aGGAgAU 
UGgAgCU 
GCUauuU 
CGCCcAU 
ggUGGuU 
gCuGgCU 
CuGACcU 
UGcuCCU 
CuaCCAU 
CAcuUGU 
GUAGCcU 
CaACuCU 
CACACOU 
GCCAGOJ 
CaGCUaU 
cCUGUuU 
CAACuCU 
UauUaAU 
uugADGU 
gAUGUAU 
ADGUAUU 
UGUMJDU 
UADUUAU 
AUgUAUU 
acUUCAU 
AUguAOU 
uAUUUaU 
AgUUGUU 
gAADGGU 
AcDGGaU 
CAugGGU 
AuuaaUU 
uAGAGuU 
AGAGuUU 
GAaGCOJ 
AaGCCUU 



u cGADCUu 
a UccAGUa 
A GcCuCAg 
C ACAUaAa 
u AGCagcu 
C AAGggAc 
a GAUcagU 
a uAAGUUa 
c AgGUaUc 
u UuaCCaG 
u aCCaGca 
u GuCCCca 
A CAAgUua 
A CCGAgcC 
a GCgGaCc 
A UUGaGUA 
c GGGgugG 
c OuCOGAG 
a gOGAgG 
c CuGgAGg 
C CAcAucC 
c acCgUGU 
A GCcCCAg 
C AgAgCua 
U CuUGAuG 
C CcccCcG 
c GGaggaa 
u UAuDGAg 
c COGcdC 
U cuDGADg 
u UagAgUU 
A uuuauua 
U UADUaAU 
U ADDaADU 
A UUaADUU 
aADUUag 
AUUaaUU 
cucOADU 
aUUAaUU 
AaUUUAg 
UgcOccc 
a CAuAcGO 
C uCAGGcc 
c gAGgGuCJ 
u AGAGuUU 
U uaCCAGc 
u aCCAGcu 
U ccUgCcC 
c cU^CcCC 



2189 

2196 

2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2233 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2691 

2700 

2704 

2711 

2712 

2721 

2724 

2744 



UAUUUAU 
caAcUcU 
gcaGcCU 
GccDCDU 
UcUuccU 
aagUUUU 
UUUADGU 
GgAGaCU 
cuggCAU 
CucAGGU 
UgGaUCU 
CJGaCCU 
uGGAGCU 
UauCcaU 
UCCAauU 
aUCACAU 
UCACAUU 

ggAAuGU 

ACCAGaU 
GaAggGU 
aAGcCGU 
UAuAaGU 
caGUgGU 
gAAAGAU 
UGaGACU 
GaaACcU 
GACcUCU 
UUucgAU 
CCcagCU 
CUGCuOU 
aaCCUUU 
agGOTgU 
gGUGgUU 
agGgUUU 
UGcUUUU 
aAgOCUU 
aUUcOCU 
aUcCagU 
AAaCACU 
aagCUgU 
uACUGGU 
AAuGUcU 
GAaGcCU 
gacCuCU 
CCCAGCU 
gagGucU 

g;-iagggu 

jSGuaCAU 
gGUGgGU 



a 

u 
c 
a 
c 
A 
c 
c 
u 
a 
C 



GAGUacC 
cUUgAUG 
CUAUGUu 
UgUtiQAu 
ADGcAaG 
UGUcGGC 
GGCcugA 
AgUGgcu 
GuCCUCU 
UCcauCC 
aGGCCgC 
cuGGAGg 
gCgGaCC 
CAUccCA 
ACAcUgA 
CAcGGUg 
AcGGUgc 
ACCAGGa 
CuGgaGa 
GUgGAaG 
ugaGcUG 
aDggcCU 
CuCUGCu 
AcADGGG 
CUgccUG 
CCcUUuG 
ccaGcCu 
uuCCAgC 
UCagCAG 
gaaCAGA 
CuuuGAA 
cUUCUga 
UUCUgag 
UCUAcuG 
ucAUaaG 
UgOCGGC 
UuGcCcC 
GaCACAA 
A UgOGGAC 
u UGagCUG 
c AgGaUgC 
c cGAGGcC 
u CCUgCCc 
a CCAGCcU 
c UcagcaG 
c GGAAGGG 
C gUgCaaG 
a CGuGUGc 
c cGUGcAG 



C 
U 
C 
C 
c 
c 
u 
U 
u 
C 
c 
u 
a 
c 
c 
U 
C 

u 

c 
c 
c 
a 
A 
a 



SUBSTITUTE SHEET (RULE 26) 



r 

WO 95/23225 



PCT/IB^/00156 



180 



2451 


GCOJguU U CCUgCCD 


2750 


2452 


CCUguUU C CUgCOJc 


2759 


2455 


gAagCCU u CCUgCCC 


2761 


2459 


CCaCaCU U CCCCCCc 


2765 


2460 


CaCaCUU C CCCCCcg 


2769 


2479 


GAgACCU c UaccAGC 


2797 


2480 


uCACCgU U GUgAuCC 


2803 


2483 


CCaaUGU c AGCCACC 


2804 


2484 


CUUUuUU c aCGAguc 


2813 


2492 


agCACCU C CCCACCu 


2815 


2504 


CCCACcU A CuUUOgU 


2821 


2508 


uAUcCAD c caOcCCA 


2822 


2509 


uUAgAgU U uUaCCAG 


2823 


2510 


UAgAgUU u UaCCAGc 


2829 


2520 


CuuuUGU U CcCAADG 


2837 


2521 


CAGcaUU u ACccUcA 


2840 


2533 


UGAugCU C AGguaUC 


2847 


2540 


CAGCaGU C cgcOgUG 


2853 


2545 


GUgcUGU a UGGuCcU 


2860 


2568 


guGaAgU c OGuCaAA 


2872 


2579 


auAAGuU A CGgCcUG 


2877 


2585 


cugGCaU U GUuCUCU 


2899 


2588 


GCaUCGU u CUCUaaU 


2900 


2591 


UgGUUCU C UgcOCCU 


2904 


2593 


cUuCUuU U GcuCDGc 


2905 


2596 


CUuUUGU u CccaaUG 


2906 


2601 


acCgUGU a UuCgUUU 


2907 


2602 


UCCaGcU a cCAttecC 


2908 


2607 


cUcGgAU a UacCUGG 


2909 


2608 


caGCAgU c CgCUGuG 


2910 


2609 


gGaADgU C ACcaGGA 


2911 


2620 


aGGAcCU c aCcCOgc 


2912 


2626 


UUuCgaU c UUcCAGC 


2913 


2628 


GCACacU V GuAGCcu 


2914 


2635 


UuCAGCU C CgGUccu 


2915 


2640 


ggCCuGU U UCCUGCc 


2916 


2641 


cCCAGcO c uCaGCAG 


2917 


2642 


CCuGUUU C CUGCcuc 


2918 


2653 


uAcOGgO C AGGaOgC 


2919 


2659 


gaAGGGU C'gOGCAAG 


2931 


2689 


CuAAuGU c UccGAGG 


2933 


2941 


GagACAU U GuCCccA 




2951 


CCAcgCU a CCUcOGc 




2952 


CAGcagC C CgcOGDG 




2955 


AgUgaCU c UGUGUcA 




2956 


uUUCQIU a GaaUcAa 




2961 


UcUGUGU c AGccAcU 




2962 


aUGUaUU u aUUAAUu 




2965 


UuUgAaU c AAUAAAG 





UAUuUaU u GAguAcC 
cCggaCU u UCGaUCU 
AgGacCU C aCcCUGc 
UuUuGCU C UGcCgCu 
agUCUGU C AaaCAGG 
aUGaAAU C AUGGUcC 
UCACGOT c CcagGCg 
ggUGGgU C cgUGCAG 
CUcCgGU C cUGACCc 
aCAGUCU a cAaCUUU 
cUGACCU c cUGGagg 
gGAgCcU c cGGaCJu 
ugCCUUU a GcuCcCA 
cCGGaCU a uAaUcAU 
AgGUGgU u CUuCuga 
UGAgaCU C CugCCUg 
CCaAugU C AGCCaCC 
gCAGCCU C uUauGUu 
gCcaAGU A aCUGuGA 
GGACCuU c aGCcaAg 
uUccGCU a cCAuCAC 
cGgAcuU U cGAUcUU 
uuAAnUU a GAgUUUU 
AcUUcAU U cUcUaUU 
cUUcAUU c UcUaUUg 
UOGAUgU a UUUaUUa 
UGuaUUU a UUaaUUU 
GAagcUU c UUUUgcU 
AgcCJUcU U UUgcUcU 
UgUaUUU a UUaaUUU 
UgUaUUU a UUaaUUU 
UUgUUcU c UaaUgUC 
UUUcUcU a cUggUCA 
UgcUUUU c UcaUaAG 
aUUUaUU a aUUuAGA 
UaUUcgU U UcCgGAG 
aUUcgUU U cCgGAGA 
UUcgUUU c CgGAGAg 
UUcUcaU a AGgGuCG 
ugGaGGU C UCGgAAg 
GaGGUCU C GgAAggg 
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2966 GcOgGcU A gcAgAGg 

2969 AaUcAAU A AAGuDUU 

2975 GAgAGuD U UacCAgC 

2976 gAgGgUU U CUCuACU 

2977 AAGOJgCJ u UgAgCUG 
2979 uCaCJUCU C uAuOGCC 
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Table 4 

Human ICAM HH Ribozyme Sequences 

nt. Position Ribozyme Sequence 



U CAGCGUC CUGADGAGGCCGAAAGGCCGAA ACOGGGG 

23 AGCAGAG CUGADGAGGCCGAAAGGCCGAA AGCUCAG 

26 AGUAGCA CUGADGAGGCCGAAAGGCCGAA AGGAGCU 

31 CUCUGAG CUGADGAGGCCGAAAGGCCGAA AGCAGAG 

34 CAACUCU CUGADGAGGCCGAAAGGCCGAA AGUAGCA 

40 AGGUUGC CUGADGAGGCCGAAAGGCCGAA ACUCJGA 

48 CGAGGCU CUGADGAGGCCGAAAGGCCGAA AGGUUGC 

54 CCADAGC CUGADGAGGCCGAAAGGCCGAA AGGCUGA 

58 GGAGCCA CUGADGAGGCCGAAAGGCCGAA AGCGAGG 

64 CVGCUGG CUGADGAGGCCGAAAGGCCGAA AGCCADA 

96 GGACCAG CUGADGAGGCCGAAAGGCCGAA AGUGCGG 

102 CGAGCAG CUGADGAGGCCGAAAGGCCGAA ACCAGGA 

108 GAGCCCC CUGADGAGGCCGAAAGGCCGAA AGCAGGA 

115 GGGAACA CUGADGAGGCCGAAAGGCCGAA AGCCCCG 

11S UCCUGGG CUGADGAGGCCGAAAGGCCGAA ACAGAGC 

120 GUCCUGG CUGAUGAGGCCGAAAGGCCGAA AACAGAG 

146 GGACACA CUGADGAGGCCGAAAGGCCGAA ADGUCUG 

152 UGAGGGG CUGADGAGGCCGAAAGGCCGAA ACACAGA 

158 GACUUUU CUGADGAGGCCGAAAGGCCGAA AGGGGGA 

165 GCAGGAD CUGADGAGGCCGAAAGGCCGAA ACUDUUG 

168 GGGGCAG CUGADGAGGCCGAAAGGCCGAA ADGACUU 

185 CAGCACG CUGADGAGGCCGAAAGGCCGAA AGCCUCC 

209 GUCACAG CUGADGAGGCCGAAAGGCCGAA AGGDGCU 

227 GCCCAAC CUGADGAGGCCGAAAGGCCGAA ACUUGGG 

230 OADGCCC CUGADGAGGCCGAAAGGCCGAA ACAACUU 

237 GGGUCUC CUGADGAGGCCGAAAGGCCGAA ADGCCCA 

248 UUDAGGC CUGAUGAGGCCGAAAGGCCGAA ACGGGGU 

253 UCCUUUU CUGADGAGGCCGAAAGGCCGAA AGGCAAC 

263 CAGGAGC CUGADGAGGCCGAAAGGCCGAA ACUCCUU 

267 CAGGCAG CUGADGAGGCCGAAAGGCCGAA AGCAAOJ 

293 CAGUUCA CUGATOAGGCCGAAAGGCCGAA ACACCUU 

319 GGUUGGC CUGADGAGGCCGAAAGGCCGAA ADCUUCU 

335 GU CUGAA CUGADGAGGCCGAAAGGCCGAA AGCACAU 

337 CAGUUUG CUGAUGAGGCCGAAAGGCCGAA ADAGCAC 

338 GCAGUUU CUGADGAGGCCGAAAGGCCGAA AAUAGCA 
359 AGCUGUU CUGAUGAGGCCGAAAGGCCGAA ACUGCCC 
367 AAGGUUU CUGAUGAGGCCGAAAGGCCGAA AGCUGUU 

374 GGUGAGG CUGADGAGGCCGAAAGGCCGAA AGGUUUU 

375 CGGUGAG CUGADGAGGCCGAAAGGCCGAA AAGGUUU 
378 ACACGGU CUGAUGAGGCCGAAAGGCCGAA AGGAAGG 
386- ■ AGUCCAG CUGAUGAGGCCGAAAGGCCGAA ACACGGU 
394 CGUUCUG CUGAUGAGGCCGAAAGGCCGAA AGUCCAG 
420 AAGAGGG CUGAUGAGGCCGAAAGGCCGAA AGGGGUG 
425 CUGCCAA CUGAUGAGGCCGAAAGGCCGAA AGGGGAG 
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427 GGCUGCC OJGADGaGGCCGAAAGGCCGAA AGAGGGG 

450 GUAGGGU CUGADGAGGCCGAAAGGCCGAA AGGUUCU 

451 CGUAGGG CUGADGAGGCCGAAAGGCCGAA AAGGUUC 
456 GGCAGCG CUGADGAGGCCGAAAGGCCGAA AGGGOAA 
495 CCACGGa CUGADGAGGCCGAAAGGCCGAA AGGUUGG 
510 CCCCACG CUGADGAGGCCGAAAGGCCGAA AGCAGCA 
564 UGGUCGU CUGADGAGGCCGAAAGGCCGAA ACCUCAG 
592 CCADGGU CUGADGAGGCCGAAAGGCCGAA AUCUCUC 

607 CACGAGA CUGADGAGGCCGAAAGGCCGAA AUUGGCU 

608 GCACGAG CUGADGAGGCCGAAAGGCCGAA AADUGGC 

609 GGCACGA CUGADGAGGCCGAAAGGCCGAA AAADUGG 
611 GCGGCAC CUGADGAGGCCGAAAGGCCGAA AGAAAUU 

656 GUUCUCA CUGADGAGGCCGAAAGGCCGAA ACAGOJC 

657 UGUUCUC CUGADGAGGCCGAAAGGCCGAA AACAGCU 
668 GGGGGCC CUGADGAGGCCGAAAGGCCGAA AGGUGUU 
677 GAGCUGG CUGADGAGGCCGAAAGGCCGAA AGGGGGC 
684 AGGUCUG CUGADGAGGCCGAAAGGCCGAA AGCUGGU 

692 CAGGACA CUGADGAGGCCGAAAGGCCGAA AGGUCUG 

693 GCAGGAC CUGADGAGGCCGAAAGGCCGAA AAGGUCU 
696 CD3GGAG CUGADGAGGCCGAAAGGCCGAA ACAAAGG 
709 UGUGGGG CUGADGAGGCCGAAAGGCCGAA AGUCGCU 
720 GGCUGAC CUGADGAGGCCGAAAGGCCGAA AGUUGUG 
723 GGGGGCU CUGADGAGGCCGAAAGGCCGAA ACAAGUQ 
735 * CCUCOAG CUGADGAGGCCGAAAGGCCGAA ACCCGGG 
738 CCACCUC CUGADGAGGCCGAAAGGCCGAA AGGACCC 
765 GGGAACA CUGADGAGGCCGAAAGGCCGAA ACCACGG 

769 UCCAGGG CUGADGAGGCCGAAAGGCCGAA ACAGACC 

770 GUCCAGG CUGADGAGGCCGAAAGGCCGAA AACAGAC 

785 GACUGGG CUGADGAGGCCGAAAGGCCGAA ACAGCCC 

786 AGACUGG CUGADGAGGCCGAAAGGCCGAA AACAGCC 
792 CCUCCGA CUGADGAGGCCGAAAGGCCGAA ACUGGGA 
794 GGCCUCC CUGADGAGGCCGAAAGGCCGAA AGACUGG 
807 CCAGGUG CUGADGAGGCCGAAAGGCCGAA ACCUGGG 
833 GGGGUUC CUGADGAGGCCGAAAGGCCGAA ACCUCUG 
846 CADAGGa CUGADGAGGCCGAAAGGCCGAA ACUGUGG 
851 GUUGCCA CUGADGAGGCCGAAAGGCCGAA AGGDGAC 
863 CGAGAAG CUGADGAGGCCGAAAGGCCGAA AGUCGUU 

866 GGCCGAG CUGADGAGGCCGAAAGGCCGAA AGGAGUC 

867 DGGCCGA CUGADGAGGCCGAAAGGCCGAA AAGGAGU 
869 CUDGGCC CUGADGAGGCCGAAAGGCCGAA AGAAGGA 
881 ACUGACU CUGADGAGGCCGAAAGGCCGAA AGGCCUU 
885 UCACACU CUGADGAGGCCGAAAGGCCGAA ACUGAGG 
933 CCAGUAD CUGADGAGGCCGAAAGGCCGAA ACUGCAC 
936 UCCCCAG CUGADGAGGCCGAAAGGCCGAA AUUACUG 
978 AGCUGUA CUGADGAGGCCGAAAGGCCGAA AUGGUCA 
980 AAAGCUG CUGADGAGGCCGAAAGGCCGAA AGADGGU 
986. . CGCCGGA CUGADGAGGCCGAAAGGCCGAA AGCUGUA 

987 GCGCCGG CUGADGAGGCCGAAAGGCCGAA AAGCUGU 

988 GGCGCCG CUGADGAGGCCGAAAGGCCGAA AAAGCUG 
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1005 UCGUCAG CUGADGAGGCCGAAAGGCCGAA ADCACGD 

1006 UUCGUCA CUGADGAGGCCGAAAGGCCGAA AAUCACG 
1023 CUUCUGA CUGADGAGGCCGAAAGGCCGAA ACCOCOG 
1025 CCCUUOJ CUGADGAGGCCGAAAGGCCGAA AGACCUC 
1066 UUGGCUC CUGADGAGGCCGAAAGGCCGAA AGGGCGG 

1092 GGGCUGG CUGADGAGGCCGAAAGGCCGAA ACCCCAD 

1093 UGGGCUG CUGADGAGGCCGAAAGGCCGAA AACCCCA 
1125 UCAGCAG CUGADGAGGCCGAAAGGCCGAA AGCUGGG 
1163 GCAGGAG CUGADGAGGCCGAAAGGCCGAA AGCUGCG 
1154 AGCAGGA CUGADGAGGCCGAAAGGCCGAA AAGCUGC 
1-56 AGAGCAG CUGADGAGGCCGAAAGGCCGAA AGAAGCU 
1172 GGOUGCA CUGADGAGGCCGAAAGGCCGAA AGCAGGA 

1200 UGUGOAD CUGADGAGGCCGAAAGGCCGAA AGCUGGC 

1201 UUGUGDA CUGADGAGGCCGAAAGGCCGAA AAGCUGG 
1203 UCUUGUG CUGADGAGGCCGAAAGGCCGAA ADAAGCU 

1227 GGACACG CUGADGAGGCCGAAAGGCCGAA AGCUCCC 

1228 AGGACAC CUGADGAGGCCGAAAGGCCGAA AAGCUCC 
1233 CADACAG CUGADGAGGCCGAAAGGCCGAA ACACGAA 
1238 GGGGCCA CUGADGAGGCCGAAAGGCCGAA ACAGGAC 
1264 CCCGGAC CUGADGAGGCCGAAAGGCCGAA ADCCCUC 
1267 UDUCCCG CUGADGAGGCCGAAAGGCCGAA ACAADCC 

1294 UGCUGGG CUGADGAGGCCGAAAGGCCGAA ADUUUCU 

12 95 CUGCUGG CUGADGAGGCCGAAAGGCCGAA AADUUUC 
1306 CACADUG CUGADGAGGCCGAAAGGCCGAA AGUCUGC 
1321 UUCClUJ CUGADGAGGCCGAAAGGCCGAA AGCCUGG 
1334 CUCGGGC CUGADGAGGCCGAAAGGCCGAA ADGGGUU 
1344 GACACUU CUGADGAGGCCGAAAGGCCGAA AGCUCGG 
1351 UCCUOUA CUGADGAGGCCGAAAGGCCGAA AOCOCG 
1353 CADCCUU CUGADGAGGCCGAAAGGCCGAA AGACACU 
1365 AGUGGGA CUGADGAGGCCGAAAGGCCGAA AGUGCCA 

1367 CAGDGGG CUGADGAGGCCGAAAGGCCGAA AAGUGCC 

1368 GCAGDGG CUGADGAGGCCGAAAGGCCGAA AAAGUGC 
1380 ADUCCCC CUGADGAGGCCGAAAGGCCGAA ADGGGCA 
1388 AGUCACU CUGADGAGGCCGAAAGGCCGAA ADUCCCC 
1398 COCGAGU CUGADGAGGCCGAAAGGCCGAA ACAGDCA 
1402 AGADCUC CUGADGAGGCCGAAAGGCCGAA AGUGACA 
1408 CCCUCAA CUGADGAGGCCGAAAGGCCGAA ADCUCGA 
1410 UGCCCUC CUGADGAGGCCGAAAGGCCGAA AGADCUC 
142 1 ACAG AGG CUGADGAGGCCGAAAGGCCGAA AGGUGCC 
1425 CCCGACA CUGADGAGGCCGAAAGGCCGAA AGGUAGG 
1429 CDGGCCC CUGADGAGGCCGAAAGGCCGAA ACAGAGG 
1444 UCCCCUU CUGADGAGGCCGAAAGGCCGAA AGUGCUC 
1455 CGCGGGU CUGADGAGGCCGAAAGGCCGAA ACCUCCC 
1482 GGGGGGA CUGADGAGGCCGAAAGGCCGAA AGCACAU 
1 4 84 CCGGGGG CUGADGAGGCCGAAAGGCCGAA AGA3CAC 
1493 AADCUCA CUGADGAGGCCGAAAGGCCGAA ACCGGGG 
1500 UGAUGAC CUGADGAGGCCGAAAGGCCGAA AUCUCAU 
1S03 UGADGAD CUGADGAGGCCGAAAGGCCGAA ACAAUCU 
1506 CAGUGAU CUGADGAGGCCGAAAGGCCGAA ADGACAA 



SUBSTITUTE SHEET (RULE 26) 



C ( 

WO 95/23225 PCIYIB95/00156 

185 

1509 CCACAGU OJGADGAGGCXGAAAGGCCGAA ADGAUGA 

1518 CGGCUGC OJGACGAGGCCGAAAGGCCGAA ACCACAG 

-530 CCADUAU COGADGAGGCCGAAAGGCCGAA ACOGCGG 

1533 UGCCCAU OTGADGAGGCCGAAAGGCCGAA AOGACUG 

1551 ACGOGCU COGADGAGGCCGAAAGGCCGAA AGGCCUG 

1559 ADAGAGG CDGAD3AGGCOGAAAGGCCGAA ACGOGCU 

1563 GGUOAUA C0GAO3AGGCCGAAAGGCCGAA AGGUACG 

1565 GCGGUUA a*3ADGMGCCGAAAGGCCGAA AGAGGUA 

1567 UGGCGGU COGADGAGGCCGAAAGGCCGAA ADAGAGG 

1584 AUUUCUU COGADGAGGCCGAAAGGCCGAA ADCUCCC 

1592 UAGUCDG CCGAD3AGGCCGAAAGGCCGAA ADUUCUU 

1539 CCDGUUG C0GAD5AGGCCGAAAGGCCGAA AGCCUGU 

1651 GOUCAGG COGADGAGGCCGAAAGGCCGAA AGGCGCG 

1661 CCOGGGA C0GAD3AGGCCGAAAGGCCGAA AGGUUCA 

' 1663 GCCCCGG CK3ADGAGGCCGAAAGGCCGAA ADAGGUU 

1678 CGAGGAA COGADGAGGCCGAAAGGCCGAA AGGCCCU 

1680 GCCGAGG CD3AD3AGGCCGAAAGGCCGAA AGAGGCC 

1681 GGCCGAG CD3ADGAGGCTGAAAGGCCGAA AAGAGGC 
1684 GAAGGCC CD3AD3AGGCCGAAAGGCCGAA AGGAAGA 

1 690 ADADGGG COGADGAGGCCGAAAGGCCGAA AGGCCGA 

1691 AADADGG COGADGAGGCCGAAAGGCCGAA AAGGCCG 
1696 CCACCAA COGADGAGGCCGAAAGGCCGAA ADGGGAA 
1698 DGCCACC CD3AD3AGGCCGAAAGGCCGAA ADADGGG 
1737 CADGGCA C0GAD3AGGGCGAAAGGCCGAA ADGOCUU 
1150 GOAGGTO CDGADGAGGCCGAAAGGCCGAA AGCOGCA 
1 ? 56 GGGCCGG COGADGAGGCCGAAAGGCCGAA AGGOGUA 
1787 UGAGGAC COGADGAGGCCGAAAGGCCGAA ADGCCCU 
1 ? 90 GACOGAG CCGAD3AGGCCGAAAGGCCGAA ACAADGC 
1 ? 93 UCDGACU COGADGAGGCCGAAAGGCCGAA AGGACAA 
1797 OGUADCU COGADGAGGCCGAAAGGCCGAA ACOGAGG 
1802 GCUUUUG COGADGAGGCCGAAAGGCCGAA ADCOGAC 

1812 GGCCCCA COGADGAGGCCGAAAGGCCGAA ADGCUGU 

1813 DGGCCCC COGADGAGGCCGAAAGGCCGAA AADGCOG 
1825 GDGCAGG COGADGAGGCCGAAAGGCCGAA ACCADGG 
1 Q 37 AGUGUUU COGADGAGGCCGAAAGGCCGAA AGGOGOG 
i845 CGDGGCC COGADGAGGCCGAAAGGCCGAA AGUG UUU 
i85 6 CAGADCA COGADGAGGCCGAAAGGCCGAA ADGCGOG 
1361 GACUA CA COGADGAGGCCGAAAGGCCGAA AOCAGAU 
1365 ADGDGAC C0GAD3AGGCCGAAAGGCCGAA ACAGADC 
I 868 GUCADGU COGADGAGGCCGAAAGGCCGAA ACDACAG 
1877 CODGGCO CDGADGAGGCCGAAAGGCCGAA AGOCAOG 
1901 AUUUCUU CDSADSAGGCCGAAAGGCCGAA AGDCOOG 
1912 ADCCADC C0GAD3AGGCCGAAAGGCCGAA A OCA UG U 

1922 AGACUOU CDGADGAGGCCGAAAGGCCGAA ACADCCA 

1923 UAGACOU COGADGAGGCCGAAAGGCCGAA AACADCC 
1928 CAGGOIA COGADGAGGCCGAAAGGCCGAA ACUUUAA 
1910 . AUCAGGC C0GAD3AGGCCGAAAGGCCGAA AGACOOU 
1964 GUGGGGC COGADGAGGCCGAAAGGCCGAA ADGUCUC 
1983 CCAGOUG COGADGAGGCCGAAAGGCCGAA ADGOCCO 
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1996 GUUUCAG OXACGAGGCCGAAAGGCCGAA ADUOCCC 

2 °0S AGGCAGC COGAOTAGGCCGAAAGGCCGAA AGUODCA 

2013 UACCCAA OT3ADC»GGCCGAAAGGCCGAA AGGCAGC 

2015 CAOACCC CDGADGAGGCaSAAAGGCCGAA ADAGGCA 

2020 CUCAGCA CD3ADGAGGCXX3AAAGGCCGAA ACCCAAU 

2039 CU UCUUJ CLTADGAGGCCSAAAGGCCGAA AGOCOGU 

2040 CCJDCUG CDGAaSAGGCCGAAAGGCCGAA AAGOCCG 
20S7 GDCUACG CDGADGAGGCCGAAAGGCCGAA AGGGCCA 
2061 ACAOGCC COGADGAGGCCGAAAGGCCGAA AOGGAGG 
2071 aOGAOGC COGADGAGGCCGAAAGGCCGAA ACACACG 
2076 GDGUCOO C0GAB6AGGCCGAAAGGCCGAA AOGCUAC 

2097 CGCCAGG COGAIX»GSCCGAAAGGCCGAA AGOGGGG 

2098 CCGDCAG COGABGAGGCCGAAAGGCCGAA AAGOGCG 
2115 AGCGCCC COGADGAGGCCGAAAGGCCGAA AGCOGGC 
2128 GUCAGUA COGAOGAGGCCGAAAGGCCGAA ACAGCAG 
2130 GGGOCAG COGAOGAGGCCGAAAGGCCGAA AGACAGC 
2145 CADCAOC C0GAD3AGGC0GAAAGGCCGAA AGGGOUG 
2152 AAADACA COGAOGAGGCCGAAAGGCCGAA AOCAOCA 
2156 GAAUAAA COGABGAGGCCGAAAGGCCGAA ACAOADC 
2158 ADGAADA COGADGAGGCCGAAAGGCCGAA AUACAOA 
2139 AAOGAAO COGADGAGGCCGAAAGGCCGAA AADACAO 
2160 AAADGAA COGAIX3AGGCCX5AAAGGCCGAA AAADACA 

2162 ACAAAOG COGADGAGGCCGAAAGGCCGAA ADAAAUA 

2163 AACAAAO COGADGAGGCCGAAAGGCCGAA AAUAAAO 

2166 AAOAACA COGADGAGGCCGAAAGGCCGAA AOGAAOA 

2167 AAAOAAC CCGADGAGGCCGAAAGGCCGAA AACGAAU 

2170 GUAAAAU COGADGAGGCCGAAAGGCCGAA ACAAADG 

2171 GGUAAAA COGAOGAGGCCGAAAGGCCGAA AACAAAU 

2173 COGGOAA COGAOGAGGCCGAAAGGCCGAA AUAACAA 

2174 GCOGGDA CDGAOGAGGCCGAAAGGCCGAA AAUAACA 

2175 AGCOGGU' COGADGAGGCCGAAAGGCCGAA AAAOAAC 

2176 OAGCOGG COGAD3AGGCCGAAAGGCCGAA AAAAUAA 
2183 CAAUAAA COGADGAGGCCGAAAGGCCGAA AGCUGGO 

2185 CUCAADA COGADGAGGCCGA^GGCCGAA AUAGCUG 

2186 ACOCAAU COGAOGAGGCCGAAAGGCCGAA AAUAGCU 

2187 CACOCAA COGAOGAGGCCGAAAGGCCGAA AAAUAGC 
2189 GACACOC COGAOGAGGCCGAAAGGCCGAA ADAAAUA 
2196 CADAAAA COGAOGAGGCCGAAAGGCCGAA ACAC0CA 

2198 aACAUAA COGACGAGGCCGAAAGGCCGAA AGACACa 

2199 CUACAOA OJSAOGAGGCCGAAAGGCCGAA AAGACAC 

2200 CCOACAD COGADGAGGCCGAAAGGCCGAA AAAGACA 

2201 GCCOACA COGAOGAGGCCGAAAGGCCGAA AAAAGAC 
2205 UODAGCC CDGADGAGGCCGAAAGGCCGAA ACAUAAA 
2210 GUOCAOO CDGADGAGGCCGAAAGGCCGAA AGCCUAC 
2220 AGAGACC CDGADGAGGCCGAAAGGCCGAA AOGUOCA 
2224 GGCCAGA CUGACGAGGCCGAAAGGCCGAA ACCUADG 
2226 GAGGCCA CDGADGAGGCCGAAAGGCCGAA AGACCDA 
2233 GCDCCGU CDGADGAGGCCGAAAGGCCGAA AGGCCAG 
2242 GGACDGG CDGADGAGGCCGAAAGGCCGAA AGCDCCG 
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2248 UGACAUG CUGAUGAGGCCGAAAGGCCGAA ACUGGGA 

2254 UGAAUGU CUGATOAGGCCGAAAGGCCGAA ACAUGGA 

2259 GACCUUG CUGAD3AGGCCGAAAGGCCGAA ADGUGAC 

2260 UGACCUU OT3ADGAGGCCGAAAGGCCGAA AADGUGA 
2266 ACCUGGU CUGAUGAGGCCGAAAGGCCGAA ACCUDGA 
2274 ACAACUG CUGATOAGGCCGAAAGGCCGAA ACCUGGU 
22 79 CCUGUAC CUGATOAGGCCGAAAGGCCGAA ACUGUAC 
2282 CAACCUG CUGATOAGGCCGAAAGGCCGAA ACAACUG 
2288 AOTGUAC CUGAUGAGGCCGAAAGGCCGAA ACCUGUA 
229 1 UGCAGUG CUGATOAGGCCGAAAGGCCGAA ACAACCU 
2321 CCCAUUU CUGAUGAGGCCGAAAGGCCGAA AUCUUUU 
2338 CAADGAG CUGAUGAGGCCGAAAGGCCGAA AGUCCCA 
2229 CCAAUGA CUGATOAGGCCGAAAGGCCGAA AAGUCCC 
2341 GGCCAA0 CUGATOAGGCCGAAAGGCCGAA AGAAGUC 
2344 GUUGGCC CUGADGAGGCXGAAAGGCCGAA AUGAGAA 

2358 CTOG GGA CUGATOAGGCCGAAAGGCCGAA AGGCAGG 

2 359 UCTOG GG CUGATOAGGCCGAAAGGCCGAA AAGGCAG 

2360 UUCTOGG CUGATOAGGCCGAAAGGCCGAA AAAGGCA 

2376 AUAGAAA CUGADSAGGCCGAAAGGCCGAA AUCAOJC 

2377 GAUAGAA CUGATOAGGCCGAAAGGCCGAA AADCACU 

2378 CGADAGA CUGATOAGGCCGAAAGGCCGAA AAADCAC 

2379 CCGAUAG CCGAOGAGGCCGAAAGGCCGAA AAAAUCA 

2380 GCCGAUA CUGATOAGGCCGAAAGGCCGAA AAAAAUC 
2382 GUGCC GA CUGATOAGGCCGAAAGGCCGAA AGAAAAA 
2384 UTOCGCC CUGATOAGGCCGAAAGGCCGAA AUAGAAA . 
2399 GCCCADA CUGATOAGGCCGAAAGGCCGAA AGUGCUU 
2401 CAGUCCA CUGATOAGGCCGAAAGGCCGAA AUAGUGC 
2411 GA ACCAP CUGATOAGGCCGAAAGGCCGAA ACCAGUC 

2 4 17 ACCTOUG CUGATOAGGCCGAAAGGCCGAA ACCAUUA 

2418 AACCCGU CUGATOAGGCCGAAAGGCCGAA AAOCADU 

2425 WW CUGATOAGGCCGAAAGGCCGAA ACCUGUG 

2426 AADCUCU CUGATOAGGCCGAAAGGCCGAA AACCUGU 

2433 ACOTGGU CUGATOAGGCCGAAAGGCCGAA AUCUCUG 

2434 CACUGGG CUGATOAGGCCGAAAGGCCGAA AADCUCU 

2448 GAGGAA0 CUGATOAGGCCGAAAGGCCGAA AGGCCUC 

2449 GGAGGAA CUGATOAGGCCGAAAGGCCGAA AAGGCCU 

2451 AGGGAGG CUGATOAGGCCGAAAGGCCGAA AUAAGGC 

2452 AAGGGAG CUGATOAGGCCGAAAGGCCGAA AAQAAGG 
2455 GGGAAGG CUGATOAGGCCGAAAGGCCGAA AGGAAUA 

2459 UGGGGGG CUGATOAGGCCGAAAGGCCGAA AGGGAGG 

2460 UTOGGGG CUGATOAGGCCGAAAGGCCGAA AAGGGAG 

2479 GCUAACA CUGATOAGGCCGAAAGGCCGAA AGGUGUC 

2480 GGCUAAC CUGATOAGGCCGAAAGGCCGAA AAGGUGU 

2483 GGTOGCU CUGAUGAGGCCGAAAGGCCGAA ACAAAGG 

2484 AGGUGGC CUGATOAGGCCGAAAGGCCGAA AACAAAG 
2492 GGGUGGG CUGAUGAGGCCGAAAGGCCGAA AGGUGGC 
2 504 ASAAATO CUGAUGAGGCCGAAAGGCCGAA AUGUGGG 

2 508 UGGCAGA CUGAUGAGGCCGAAAGGCCGAA ADGUAUG 

2 509 CTOGCAG CUGAUGAGGCCGAAAGGCCGAA AAUGUAU 
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2S10 

2S20 

2S21 

2S33 

2S40 

2S45 

2558 

2579 

2535 

2S88 

2591 

2593 

2596 

2 SOI 

2602 

2607 

2608 

2609 

2620 

2626 

2628 

2635 

2640 

2641 

2642 

2653 

2659 

2689 

2691 

2700 

2704 

2711 

2712 

2721 

2724 

2744 

2750 

2759 

2761 

2765 

2769 

2797 

2803 

2804 

2813 

2815 

2821 

2822 

2823 



ACUGGCA CCGAUGAGGCCGAAAGGCCGAA AAAOGOA 
CACTJGUG OJGACGAGGCCGAAAGGCCGAA ACACOGS 
OCAUOGU COGAXJGAGGCCGAAAGGCCGAA AACACOG 
GACCGCU COGATOAGGCCGAAAGCCCGAA AGOGOCA 
CAGACAO - CCGAOGAGOXGAAAGGCCGAA ACCGCUG 
AOCOCCA COGAOGAGGCCG7AAGGCCGAA ACAOGAC 
OOGGGCA COGACCAGGCCGAAAGGCCGAA AOCCCCa 
CAAGGCA COGACGAGGCCGAAAGGCCGAA AGCOOCG 
AGAGGAC CUCACGAGGCCGAAAGGCCGAA AGGCAOA 
ACAAGAG COSAOSAGGCCGAAAGGCaSAA ACAAGGC 
AGGACAA COGAOGAGGCCGAAAGGCCGAA AGGACAA 
ACAGGAC COOADGAGGCCGAAAGGCCGAA AGAGGAC 
CAAACAG CCGAOGAGGCCGAAAGGCCGAA ACAAGAG 
AAACGCA COGAOGAGGCCGAAAGGCCGAA ACAGGAC 
GAAADCC COGAOGAGGCCGAAAGGCCGAA AACAGGA 
CCAGCGA COGAOGAGGCCGAAAGGCCGAA AOGCAAA 
CCCAGOG COGAOGAGGCCGAAAGGCCGAA AACGCAA 
UCCCAGC COGAOGAGGCCGAAAGGCCGAA AAAOGCA 
AUAGOGC COGACCAGGCCGAAAGGCCGAA AGCOCCC 
GCOGCAA COGAGGAGGCCGAAAGGCCGAA AGOGCAA 
GAGCOGC COGACGAGGCCGAAAGGCCGAA AOAGOGC 
GAAACOG COGACGAGGCCGAAAGGCCGAA AGCOGCA 
CGCAGGA COGAOGAGGCCGAAAGGCCGAA ACOGGAG 
CUGCAGG CDGAOGAGGCCGAAAGGCCGAA AACOGGA 
AOJGCAG COGACGAGGCCGAAAGGCCGAA AAACOGG 
GGACCCO CCGAOGAGGCCGAAAGSCCGAA ADCACOG 
COOCCAG COGAIX3AGGCCGAAAGGCCGAA ACCCOGA 
CaJCCA A CCGACGAGGCCGAAAGGCCGAA accoogg 
GUCCOCC COGAOGAGGCCGAAAGGCCGAA ADACCOU 
OGGGAGG COGAOGAGGCCGAAAGGCCGAA AGOCCOC 
AAGCOGG COGACGAGGCCGAAAGGCCGAA AGGGACa 
CCUUCCA COGAXXSAGGCCXSAAAGGCCGAA AGCDGGG 
CCCUOCC COGADGAGGCCGAAAGGCCGAA AAGCOGG 
CGCGGAU COGADGAGGCCGAAAGGCCGAA ACCCOOC 
ACACGCG COGAD3A0GOCGAAAGGCCGAA ADGACCC 
COACACA COGADGAGGCCGAAAGGCCGAA ACACACA 
GCOOGOC COGACGAGGCCGAAAGGCCGAA ACACAnA 
AGAGCGA COGADGAGGCCGAAAGGCCGAA AGCOOG5J 
ACAGAGC COGADGAGGCCGAAAGGCCGAA AGAGCOU 
GGCGACA COGAroAGGCCGAAAGGCCGAA AGCGAGA 
CCOOGGD COGAOGAGGCCGAAAGGCCGAA ACAGAGC 
GAACCAO COGAOGAGGCCGAAAGGCCGAA AOOGCAC 
CGCAGOG COGADGAGGCCGAAAGGCCGAA ACCAOGA 
CCCCAGU COGAOGAGGCCGAAAGGCCGAA AACCAOG 
AGGOCAA CCGAOGAGGCCGAAAGGCCGAA ACOGCAG 
AAAGGCC COGACGAGGCCGAAAGGCCGAA AGACOGC 
AGCCCAA COGAOGAGGCCGAAAGGCCGAA AGGOCAA 
GAGCCCA COGAUGAGGCCGAAAGGCCGAA AAGGOCA 
OGAGCCC COGAOGAGGCCGAAAGGCCGAA AAAGGUC 
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2829 ADCACUU CDGADGAGGCCGAAAGGCCGAA AGCCCAA 

2837 GDGGGAG OTSADGAGGCCGAAAGGCCGAA ADCACOU 

• 2840 GAGGDGG CDGADGAGGCCGAAAGGCCGAA AGGADCA 

2847 GGAGGCU CDGADGAGGCCGAAAGGCCGAA AGGOGGG 

2853 DACDCAG CTOADGAGGCCGAAAGGCCGAA AGGCUGA 

2860 DCCCAGC CDGADGAGGCCGAAAGGCCGAA ACDCAGG 

2872 GDGAGCC CTOADGAGGCCGAAAGGCCGAA AUGGUCC 

2877 GTOODGa CTOADGAGGCCGAAAGGCCGAA AGCCOAD 

2899 AAAADCA CTOADGAGGCCGAAAGGCCGAA AOTCGCC 

2900 AAAAADC CTOADGAGGCCGAAAGGCCGAA AADUCGC 
2904 AAAAAAA CTOADGAGGCCGAAAGGCCGAA AUCAAAU 
29 °5 AAAAAAA CTOADGAGGCCGAAAGGCCGAA AADCAAA 

2906 AAAAAAA CTOADGAGGCCGAAAGGCCGAA AAADCAA 

2907 AAAAAAA CTOADGAGGCCGAAAGGCCGAA AAAADCA 

2908 AAAAAAA CDGATOAGGCCGAAAGGCCGAA AAAAAUC 

2909 AAAAAAA CTOADGAGGCCGAAAGGCCGAA AAAAAAD 

2910 AAAAAAA CTOADGAGGCCGAAAGGCCGAA AAAAAAA 

2911 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2912 GAAAAAA CTOADGAGGCCGAAAGGCCGAA AAAAAAA 

2913 OGAAAAA CD3AD3AGGCCGAAAGGCCGAA AAAAAAA 

2914 CD3AAAA CDGATOAGGCCGAAAGGCCGAA AAAAAAA 

2915 PCPGAAA CTOADGAGGCCGAAAGGCCGAA AAAAAAA 

2916 CDCaaA A CD3ADGAGGCTOAAAGGCCGAA AAAAAAA 

2917 UCUCVGA CTOADGAGGCCGAAAGGCCGAA AAAAAAA 

2918 GDCDCTO CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2919 CGOCUCU CDGADGAGGCCGAAAGGCCGAA AAAAAAA 
2931 GODGCG A CDGADGAGGCCGAAAGGCCGAA ACCCCGU 
2933 ATOODGC CDGADGAGGCCGAAAGGCCGAA AGACCCC 
2941 DCDGGGC CDGADGAGGCCGAAAGGCCGAA ADGUDGC 
2951 . ACAAAGG CDGATOAGGCCGAAAGGCCGAA AGDCDGG 
2952 CACAAAG CDGADGAGGCCGAAAGGCCGAA AAGOCCG 

2955 UAACACA CDGADGAGGCCGAAAGGCCGAA AGGAAGD 

2956 COAACAC CDGADGAGGCCGAAAGGCCGAA AAGGAAG 
29 $! ADDAACU CDGADGAGGCCGAAAGGCCGAA ACACAAA 
2962 UADOAAC CDGADGAGGCCGAAAGGCCGAA AACACAA 

2965 CDUOADU CDGATOAGGCCGAAAGGCCGAA ACUAACA 

2966 GCOOUAD CDGADGAGGCCGAAAGGCCGAA AACOAAC 
2969 AAAGCUD CDGADGAGGCCGAAAGGCCGAA ADDAACU" 

2975 GOTOAGA CDGADGAGGCCGAAAGGCCGAA AGCUUDA 

2976 AOTTOAG CDGADGAGGCCGAAAGGCCGAA AAGCDDD 

2977 CAGODGA CDGADGAGGCCGAAAGGCCGAA AAAGCDU 
2979 GGCAGDU CDGADGAGGCCGAAAGGCCGAA AGAAAGC 
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Table 5 



Mouse ICAM HH Ribozyme Sequence 

nt. Position Ribozyme Sequence 



23 
26 
31 



CAACGGO COGAOGAGGCCGAAAGGCCGAA ACCAGGG 
AGCAGAG COGADGAGGCCGAAAGGCCGAA ACCACCG 
A^GOl COGADGAGGCCGAAAGGCCGAA AGAACCA 
CGOGGAG COGAOGAGGCCGAAAGGCCGAA AGCAGAG 
34 CGACCCO COGAOGAfiGCCGAAAGGCCGAA AOGAGAA 

40 AGGCOAC COGADGAGGCCGAAAGGCCGAA AGOGOGC 

48 CCAGGCO COGAOGAGWCGAAAGGCCGAA AGGOCCO 

S4 CCAOCAC COGADGAGGCCGAAAGGCCGAA AGGCCCA 

58 GGAGCOA COGADGAGGCCGAAAGGCCGAA AGGCADG 

64 CCGCCGG COGAOGAGGCCGAAAGGCCGAA AGGGGOG 

96 GGGCCAG COGAOGAGGCCGAAAGGCCGAA AGCAGAG 

102 CCAGCAG COGAOGAGGCCGAAAGGCCGAA ACOGGCA 

108 GGGCCAG COGAOGAGGCCGAAAGGCCGAA AGCAGAG 

115 AGGAGCA COGAOGAGGCCGAAAGGCCGAA AGAACCA 

113 . OCCOGGO C0GAOGAGGCTGAAAGGCCGAA ACADDCC 

120 GGGCCAG COGADGAGGCCGAAAGGCCGAA AGCAGAG 

146 GGAAGCG CUGADGAGGCCGAAAGGCCGAA ACGACOG 

152 AGOGGCU OX3ADGAGGCCGAAAGGCCGAA ACACAGA 

153 GGOOOOU COGADGAGGCCGAAAGGCCGAA AACAGGA 
GCAAAAC COGADGAGGCCGAAAGGCCGAA ACOOCOG 
GGGGCAG COGADGAGGCCGAAAGGCCGAA AAGGCOO 
COGCACG COGADGAGGCCGAAAGGCCGAA ACCCACC 
GCCAGAG COGADGAGGCCGAAAGGCCGAA AAGOGGC 
GCAAAAC COGADGAGGCCGAAAGGCCGAA ACOOCOG 
GGAGCAA COGADGAGGCCGAAAGGCCGAA ACAACOO 
Awu wuw COGADGAGGCCGAAAGGCCGAA AAGCACA 
PPPAOG A COGADGAGGCCGAAAGGCCGAA AOGGGOO 

rcooccu cogadgaggccgaaaggccgaa aggcagg 

CAGCAGA COGADGAGGCCGAAAGGCCGAA AAACCCO 
OMGCAG COGADGAGGCCGAAAGGCCGAA AGCCCCO 
CAGCOCA COGADGAGGCCGAAAGGCCGAA ACAGCOO 
SSCOCAG COGADGAGGCCGAAAGGCCGAA A0C0CCO 
GOOCOCA CUGADGAGGCCGAAAGGCCGAA AGCACAG 
CAGOGOG COGABGAGGCCGAAAGGCCGAA AOOGGAC 
UCAGCUC CUGADGAGGCCGAAAGGCCGAA AACAGCO 
AGCGGAC CUGAOGAGGCCGAAAGGCCGAA ACOGCAC 
CGGGOOG OTGAUGAGGCCGAAAGGCCGAA AGCCAOU 
GGGCAGG CUGAUGAGGCCGAAAGGCGGAA AGGCOUC 
GGGGCAG CUGADGAGGCCGAAAGGCCGAA AAGGCOO 
ACACGGU CUGAOGAGGCCGAAAGGCCGAA AOGGOAG 
AAACGAA CUGAOGAGGCCGAAAGGCCGAA ACACGGU 
394 AGAOCGA CJGAUGAGGCCGAAAGGCCGAA AGOCCGG 

«0 CGGGGGG CJGAUGAGGCCGAAAGGCCGAA AAGUGUG 

425 CJGCUGG CJGAUGAGGCCGAAAGGCCGAA AGGGGUG 



153 

165 

168 

185 

209 

227 

230 

237 

248 

2S3 

263 

267 

293 

319 

335 

337 

338 

359 

367 

374 

375 

378 

386 
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CACUGCU 033ADGAGGCCGAAAGGCCGAA AGAGCUG 
GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
CAAAGGA CUGAUGAGGCCGAAAGGCCGAA AGGUUUC 
AGUGGCU CUGAUGAGGCCGAAAGGCCGAA AGGGUAA 
ACACGGU CUGAUGAGGCCGAAAGGCCGAA AUGGUAG 
CCCCACG CUGAUGAGGCCGAAAGGCCGAA AGCAGCA 
GGAUGGA CUGAUGAGGCCGAAAGGCCGAA ACCUGAG 
CCCAUGU CUGAUGAGGCCGAAAGGCCGAA AUCUUUC 
CAUGAGA CUGAUGAGGCCGAAAGGCCGAA AUUGGCU 
GCAEGAG CUGAUGAGGCCGAAAGGCCGAA AADUGGC 
GGCAUGA CUGAUGAGGCCGAAAGGCCGAA AAAUUGG 
GCGGCAU CUGAUGAGGCCGAAAGGCCGAA AGAAADU 
CAGCUCA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 
OCAGCUC CUGAUGAGGCCGAAAGGCCGAA AACAGCU 
GGOGGCC CUGAUGAGGCCGAAAGGCCGAA AGGCUCG 
AGGCUGG CUGAUGAGGCCGAAAGGCCGAA AGAGGUC 
AGGACCG CUGAUGAGGCCGAAAGGCCGAA AGCUGAA 
AAGAUCS CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 
GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
CGAGGUG CUGAUGAGGCCGAAAGGCCGAA AGCCGCC 
AGCUGAA CUGAUGAGGCCGAAAGGCCGAA AGUUGUA 
CGGAGCU CUGAUGAGGCCGAAAGGCCGAA AAAAGUU 
UCUCCAG CUGAUGAGGCCGAAAGGCCGAA AUCUGGU 
CCADCAC CUGAUGAGGCCGAAAGGCCGAA AGGCCCA 
GGAAGCG CUGAUGAGGCCGAAAGGCCGAA ACGACUG 
GGCAGGA OX5AIX3AGGCCGAAAGGCCGAA ACAGGCC 
UUCCAGG CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 
GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 
AGGCAGG CUGAUGAGGCCGAAAGGCCGAA AACAGGC 
CUUCCGA CUGAUGAGGCCGAAAGGCCGAA ACCUCCA 
AGUCUCC CUGAUGAGGCCGAAAGGCCGAA AGCCCAG 
CCAGGUA CUGAUGAGGCCGAAAGGCCGAA AUCCGAG 
GGGUGUC CUGAUGAGGCCGAAAGGCCGAA AGCUUUG 
CAACGGU CUGAUGAGGCCGAAAGGCCGAA ACCAGGG 
GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AGGUCUC 
CCAGAGG CUGAUGAGGCCGAAAGGCCGAA AGUGGCU 
GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 
TJCUCCGG CUGAUGAGGCCGAAAGGCCGAA AACGAAU 
CUUGCAU CUGAUGAGGCCGAAAGGCCGAA AGGAAGA 
ACGGGUU CUGAUGAGGCCGAAAGGCCGAA AAGCCAU 
UCACCUC CUGAUGAGGCCGAAAGGCCGAA ACCAAGG 
CCAGAAU CUGAUGAGGCCGAAAGGCCGAA AUUAUAG 
GCACCAG CUGAUGAGGCCGAAAGGCCGAA AUGAUUA 
AGUUGUA CUGAUGAGGCCGAAAGGCCGAA ACUGUUA 
AAAGUUG CUGAUGAGGCCGAAAGGCCGAA AGACUGU 
AGCUGAA CUGAUGAGGCCGAAAGGCCGAA AGUUGUA 
GAGCUGA CUGAUGAGGCCGAAAGGCCGAA AAGUUGU 
GGAGCVG CJGAUGAGGCCGAAAGGCCGAA AAAGUUG 
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1005 UCUCCAG CUGADGAGGCCGAAAGGCCGAA AUCUGGU 

1006 UUCCCCA CUGADGAGGCCGAAAGGCCGAA ACUCUCA 
1023 CUUCCGA CUGADGAGGCCGAAAGGCCGAA ACCDCCA 
1025 CCCUUCC CUGADGAGGCCGAAAGGCCGAA AGACCUC 
1066 UUADUUU CUGADGAGGCCGAAAGGCCGAA AGAGUGG 

1092 GGCCUGA CUGADGSU3XXX5AAAGGCCGAA ADCCAGU 

1093 UUGGCOT CUGADGAGGCCGAAAGGCCGAA AGGUCCA 
1125 UCAAGAA CUGA03KGGCCGAAAGGCCGAA AGUUGGG 

1163 GCAAAAG CUGADGAGGCCGAAAGGCCGAA AGCUUCG 

1164 AGCAAAA CUGADGAGGCCGAAAGGCCGAA AAGCUUC 
1166 AGAGCAA CUGADGAGGCCGAAAGGCCGAA AGAAGCU 
1172 GGOOUUU CUGADGAGGCCGAAAGGCCGAA AACAGGA 

1200 UGOGGAG CUGADGAGGCCGAAAGGCCGAA AGCAGAG 

1201 CTGUUCA CUGADGAGGCCGAAAGGCCGAA AAGCAGC 
1203 ACUGGUG CUGADGAGGCCGAAAGGCCGAA AAAAAGU 

1227 GCACACG CUGADGA G G C CGAAAGGCCGAA ADGUACC 

1228 AGCAAAA CUGADGAGGCCGAAAGGCCGAA AAGCUUC 
1233 CUCUCCG CUGADGAGGCCGAAAGGCCGAA AAACGAA 
1238 AGGACCA CUGADGAGGCCGAAAGGCCGAA ACAGCAC 
1264 CUOGCAC CUGADGAGGCCGAAAGGCCGAA ACCCUUC 
1267 UUCCCCA CUGADGAGGCCGAAAGGCCGAA ACUCUCA 

1294 GGCUCAG CUGADGAGGCCGAAAGGCCGAA ADCUCCU 

1295 CUGOTGA CUGADGAGGCCGAAAGGCCGAA ACCCCUC 
1306 CADUUCA CUGADGAGGCCGAAAGGCCGAA AGUCUGC 
1321 UCCUCCU CUGADGAGGCCGAAAGGCCGAA AGCCUUC 
1334 UUUAGGA CUGADGAGGCCGAAAGGCCGAA ADGGGUU 
1344 CACDCUC CUGADGAGGCCGAAAGGCCGAA AGCUCAD 
1351 OAACUUA CUGADGAGGCCGAAAGGCCGAA ACADUCA 
1353 CACCUUC CCXjADGAGGCCGAAAGGCCGAA ACCCACU 

1366 AGOTOUA CUGADGAGGCCGAAAGGCCGAA ACUGUUA 

1367 AGGTOGG CUGADGAGGCCGAAAGGCCGAA AGGUGCU 

1368 AGAGUGG CCXjADGAGGCCGAAAGGCCGAA ACAGUAC 
1380 CCACCCC CUGADGAGGCCGAAAGGCCGAA ADGGGCA 
1388 AGCCACD CUGADGAGGCCGAAAGGCCGAA AGUCUCC 
1398 GUUCTCU COGADGAGGCCGAAAGGCCGAA ACAGCCA 
1402 AGUUCUC CUGADGAGGCCGAAAGGCCGAA AAGCACA 
1408 CCUCCCC CCXjADGAGGCCGAAAGGCCGAA ADCUCGC 
1410 CCCUUCC CUGADGAGGCCGAAAGGCCGAA AGACCUC 
1421 ACAAAAG CUGADGAGGCCGAAAGGCCGAA AGGUGGG 
1425 CUCUACC CUGADGAGGCCGAAAGGCCGAA AGGCAGU 
1429 CAGGGGC CUGADGAGGCCGAAAGGCCGAA ADAGAGA 
1444 ■ UCCUCCU CUGADGAGGCCGAAAGGCCGAA AGCCUUC 
1455 UCCUGGU CUGADGAGGCCGAAAGGCCGAA ACAUUCC 
1482 GGGAGCA CTOADGAGGCCGAAAGGCCGAA AACAACU 
1484 CADGAGG CUGADGAGGCCGAAAGGCCGAA AGAACAG 
1493 GUUCUCA CUGADGAGGCCGAAAGGCCGAA AGCACAG 
1500 GGACCAU CUGADGAGGCCGAAAGGCCGAA AUUUCAU 
1503 GAAUGAU CUGADGAGGCCGAAAGGCCGAA AUAGUCC 
1506 CGGUUAU CJGAUGAGGCCGAAAGGCCGAA AACAUAA 
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1509 ACACGGU CUGADGAGGCCGAAAGGCCGAA ADGGUAG 

1518 CGCCOGG CUGADGAGGCCGAAAGGCCGAA ACCADGA 

1530 CCAGAAD CUGADGAGGCCGAAAGGCCGAA ADOADAG 

1533 GGCCCAC CUGADGAGGCCGAAAGGCCGAA ADGACCA 

1551 AGCDGCD CUGADGAGGCCGAAAGGCCGAA AGGGADG 

1559 AGGOGGG CUGADGAGGCCGAAAGGCCGAA AGGOGCU 

1563 GGUUAUA CUGADGAGGCCGAAAGGCCGAA ACADAAG 

1565 GCGGUUA CDSADSAGGCCGAAAGGCCGAA AAACAUA 

1567 UGGCGGU CUGADGAGGCCGAAAGGCCGAA ADAAACA 

1584 ADADCCD CUGADGAGGCCGAAAGGCCGAA ADCUUUC 

1592 UAACUUG CDSADSAGGCCGAAAGGCCGAA ADADCOJ 

1599 CCUUCUG CUGADGAGGCCGAAAGGCCGAA AACUUGU 

1651 GCDCAGG CUGADGAGGCCGAAAGGCCGAA AGGOGGG 

1661 CAAAGGA CDSADSAGGCCGAAAGGCCGAA AGGUOUC 

1663 UUCAAAG CDGADGAGGCCGAAAGGCCGAA AAAGGUU 

1678 CCAGGCU CUGADGAGGCCGAAAGGCCGAA AGGUCOJ 

1680 CCAGAGG CUGADGAGGCCGAAAGGCCGAA AGOGGCU 

1681 GCCAGAG CUGADGAGGCCGAAAGGCCGAA AAGUGGC 
1634 ACAGCCA CUGADGAGGCCGAAAGGCCGAA AGGAAGU 

1690 AGADCGA CUGADGAGGCCGAAAGGCCGAA AGDCCGG 

1691 AAGADCG CUGADGAGGCCGAAAGGCCGAA AAGUCCG 
1696 CCACCCC CUGADGAGGCCGAAAGGCCGAA ADGGGCA 
1698 COCCAGG CUGADGAGGCCGAAAGGCCGAA ADADCCG 
1737 GCUGGUA CUGADGAGGCCGAAAGGCCGAA AGGDCUC 
1750 UGAGGUG CUGADGAGGCCGAAAGGCCGAA AGCCGCC 
1756 GGGCAGG CUGADGAGGCCGAAAGGCCGAA AGGCDUC 
1787 UGGGGAC CUGADGAGGCCGAAAGGCCGAA ADGUCUC 
1790 AUUAGAG CUGADGAGGCCGAAAGGCCGAA ACAADGC 
1793 UCCAGCC CUGADGAGGCCGAAAGGCCGAA AGGACCA 
1797 UUUAD3U CUGADGAGGCCGAAAGGCCGAA ACUGGUG 
1802 UCUCCAG CUGADGAGGCCGAAAGGCCGAA ADCUGGU 

1812 GGCCUGA CUGADGAGGCCGAAAGGCCGAA ADCCAGU 

1813 DGAGGGU CUGADGAGGCCGAAAGGCCGAA AADGCUG 
1825 GCAGAGG CUGADGAGGCCGAAAGGCCGAA AGCGUGG 
1837 GGAGCUA CUGADGAGGCCGAAAGGCCGAA AGGCAUG 
1845 GGUGGCC CUGADGAGGCCGAAAGGCCGAA AGGCUCG 
1856 AAGADCG CD3ADGAGGCCGAAAGGCCGAA AAGDCCG 
1861 UACOGGA CUGADGAGGCCGAAAGGCCGAA ADCADGU 
1865 CUGAGGC CUGADGAGGCCGAAAGGCCGAA ACAAGUG 
1868 UUUADGU CUGADGAGGCCGAAAGGCCGAA ACUGGUG 
1877 - AGCOGCU CUGADGAGGCCGAAAGGCCGAA AGGCAUG 
1901 . GUCCCUU CUGADGAGGCCGAAAGGCCGAA AGUUUUA 
1912 ACUGAUC CUGADGAGGCCGAAAGGCCGAA ACUADAD 
1922- UAACUUA CUGADGAGGCCGAAAGGCCGAA ACAUUCA 
1923 GADACCU CUGADGAGGCCGAAAGGCCGAA AGCADCA 
1928 CUGGUAA CUGADGAGGCCGAAAGGCCGAA ACUCUAA 
1930 AGCUGGU CUGADGAGGCCGAAAGGCCGAA AAACJCU 
1964 UGGGGAC CUGADGAGGCCGAAAGGCCGAA AUGUCUC 
1983 UAACUUG CUGADGAGGCCGAAAGGCCGAA AuAUCCU 
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1996 GGCDCAG CDGADGAGGCCGAAAGGCCGAA AUCDCCU 

2005 GGUCCGC CDGADGAGGCCGAAAGGCCGAA AGCOCCA 

2013 DACOCAA CTOACGAGC3CC3AAAGGCCSAA AAADAGC 

2015 CCACCCC CDGADGAGGCCGAAAGGCCGAA ADGGGCA 

2020 CUCAGAA CUGADGAGGCCGAAAGGCC3AA AACCACC 

2039 CCDCDGC OJGAOGAGGCCGAAAGGCCGAA AGCCAGC 

2040 CCDCCAG CDGADGAGGCCGAAAGGCCGAA AGGUCAG 
2057 GGADGOG OXSAOGAGGCCGAAAGGCCGAA AGGAGCA 
2061 ACACGGO CDGADGAGGCCGAAAGGCCGAA ADGGDAG 

2071 cogaggc cogadgaggccgaaaggccgaa acaagdg 

2076 OAGCOCU COGADGAGGCCGAAAGGCCGAA AGGCUAC 

2097 CAOCAAG COGADGAGGCCGAAAGGCCGAA AGAGUOG 

2098 CGGGGGG COGAOGAGGCCGAAAGGCCGAA AAGOGUG 
.2115 AUCCOCC COGAUGAGGCCGAAAGGCCGAA AGCOGGC 
2128 COCAAOA COGAOGAGGCCGAAAGGCCGAA AOAGCUG 
2130 GAGGCAG CDGADGAGGCCGAAAGGCCGAA AAACAGG 
2145 CAOCAAG COGAOGAGGCCGAAAGGCCGAA AGAGUOG 
2152 AACOCOA COGADGAGGCCGAAAGGCCGAA AUUAAUA 
2156 UAAUAAA COGAOGAGGCCGAAAGGCCGAA ACADCAA 

2158 AOUAAOA COGADGAGGCCGAAAGGCCGAA AOACAOC 

2159 AAOUAAU COGAOGAGGCCGAAAGGCCGAA AAUACAU 

2160 AAAOUAA COGAOGAGGCCGAAAGGCCGAA AAAOACA 

2162 CUAAACU COGAOGAGGCCGAAAGGCCGAA AOAAADA 

2163 AAOUAAU CDGAOGAGGCTGAAAGGCCGAA AAUACAU 

2166 AAUAGAG COGAOGAGGCCGAAAGGCCGAA AUGAAGU 

2167 AAOUAAU aXSAOGAGGCCGAAAGGCCGAA AAUACAU 

2170 COAAADU CDGADGAGGCCGAAAGGCCGAA AUAAAUA 

2 171 GGGAGCA COGAOGAGGCCGAAAGGCCGAA AACAACU 

2173 CDGGUAA COGAOGAGGCCGAAAGGCCGAA ACOCUAA 

2174 GCUGGUA COGAOGAGGCCGAAAGGCCGAA AACOCUA 

2175 . AGCOGGU CUGAOSAGGCCGAAAGGCCGAA AAACUCU 

2176 UAGCOGG COGAOGAGGCCGAAAGGCCGAA AAAACUC 
2183 CAADAAA OXSADGAGGCCGAAAGGCCGAA AGCUGGU 

2185 COCAAOA COGADGAGGCCGAAAGGCCGAA AUAGCUG 

2186 ACOCAAU CDGADGAGGCCGAAAGGCCGAA AADAGCU 

2187 OACUCAA CDGADGAGGCCGAAAGGCCGAA AAAUAGC 
2189 GGUACUC CDGADGAGGCCGAAAGGCCGAA ADAAADA 
2196 CADCAAG CDGADGAGGCCGAAAGGCCGAA AGAGDDG 

2198 AACAOAA CDGADGAGGCCGAAAGGCCGAA AGGCDGC 

2199 ADAAACA CDGADGAGGCCGAAAGGCCGAA AAGAGGC 

2200 CDDGCAD CDGADGAGGCCGAAAGGCCGAA AGGAAGA 

2201 . GCCGACA CDGADGAGGCCGAAAGGCCGAA AAAACUU 
2205 DCAGGCC CDGADGAGGCCGAAAGGCCGAA ACADAAA 
2210 AGCCACU CDGADGAGGCCGAAAGGCCGAA AGDCDCC 
2220 AGAGAAC CDGADGAGGCCGAAAGGCCGAA ADGCCAG 
2224 GGADGGA CDGADGAGGCCGAAAGGCCGAA ACCDGAG 
2226 GCGGCCU CDGADGAGGCCGAAAGGCCGAA AGAUCCA 
2233 CCUCCAG CDGADGAGGCCGAAAGGCCGAA AGGUCAG 
2242 GGUCCGC CDGADGAGGCCGAAAGGCCGAA AGCUCC 1 
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2248 UGGGAUG CUGADGAGGCCGAAAGGCCGAA AUGGAUA 

2254 UCAGUGU CUGADGAGGCCGAAAGGCCGAA AAUUGGA 

2259 CACCGUG CUGADGAGGCCGAAAGGCCGAA AUGUGAU 

2260 GCACCGU CUGADGAGGCCGAAAGGCCGAA AAUGUGA 
2266 UCCUGGU CUGADGAGGCCGAAAGGCCGAA ACAUUCC 
2274 UOJCCAG CUGADGAGGCCGAAAGGCCGAA ADCUGGU 
2279 CUUGCAC CUGADGAGGCCGAAAGGCCGAA ACCCUCC 
2282 CAGCUCA CUGADGAGGCCGAAAGGCCGAA ACAGCUU 
2288 AGGCCAU CUGADGAGGCCGAAAGGCCGAA ACUUADA 
2291 AGCAGAG CUGADGAGGCCGAAAGGCCGAA ACCACUG 
2321 CCCADGU CUGADGAGGCCGAAAGGCCGAA AUCUUUC 

2338 CAGGCAG CUGADGAGGCCGAAAGGCCGAA AGUCUCA 

2339 CAAAGGA CUGADGAGGCCGAAAGGCCGAA AGGDUUC 
2341 AGGCUGG CUGADGAGGCCGAAAGGCCGAA AGAGGUC 
2344 GCUGGAA CUGADGAGGCCGAAAGGCCGAA ADCGAAA 

2358 CUGCUGA CUGADGAGGCCGAAAGGCCGAA AGCUGGG 

2359 UCUGUUC CUGADGAGGCCGAAAGGCCGAA AAAGCAG 

2360 UUCAAAG CUGADGAGGCCGAAAGGCCGAA AAAGGUU 

2376 UCAGAAG CUGADGAGGCCGAAAGGCCGAA ACCACCU 

2377 CUCAGAA CUGADGAGGCCGAAAGGCCGAA AACCACC 

2378 CAGUAGA CUGADGAGGCCGAAAGGCCGAA AAACCCU 

2379 CUUADGA CUGADGAGGCCGAAAGGCCGAA AAAAGCA 

2380 GCCGACA CUGADGAGGCCGAAAGGCCGAA AAAACUU 
2382 GGGGCAA CUGADGAGGCCGAAAGGCCGAA AGAGAAU 
2384 UUGUGUC CUGADGAGGCCGAAAGGCCGAA ACUGGAU 
2399 GUCCACA CUGADGAGGCCGAAAGGCCGAA AGUGU UU 
2401 CAGCUCA CUGADGAGGCCGAAAGGCCGAA ACAGCUU 
2411 GCADCCU CUGADGAGGCCGAAAGGCCGAA ACCAGCA 

2417 ACGUADG CUGADGAGGCCGAAAGGCCGAA ACCADUC 

2418 GGCCUGA CUGADGAGGCCGAAAGGCCGAA AUCCAGU 

2425 AACCCUC CUGADGAGGCCGAAAGGCCGAA ACCCAUG 

2426 AAACUCU CUGADGAGGCCGAAAGGCCGAA AADUAAU 

2433 GCUGGOA CUGADGAGGCCGAAAGGCCGAA AACUCUA 

2434 AGCUGGU CUGADGAGGCCGAAAGGCCGAA AAACUCU 

2448 GGGCAGG CUGADGAGGCCGAAAGGCCGAA AGGCUUC 

2449 GGGGCAG CUGADGAGGCCGAAAGGCCGAA AAGGCUU 

2451 AGGCAGG CUGADGAGGCCGAAAGGCCGAA AACAGGC 

2452 GAGGCAG CUGADGAGGCCGAAAGGCCGAA AAACAGG 
2455 GGGCAGG CUGADGAGGCCGAAAGGCCGAA AGGCUUC 

2459 GGGGGGG CUGADGAGGCCGAAAGGCCGAA AGUGUGG 

2460 CGGGGGG CUGADGAGGCCGAAAGGCCGAA AAGUGUG 
2479 GCUGGUA CUGADGAGGCCGAAAGGCCGAA AGGUCUC 
2486 • GGA3CAC CUGADGAGGCCGAAAGGCCGAA ACGGUGA 

2483 GGUGGCU CUGADGAGGCCGAAAGGCCGAA ACAUUGG 

2484 GACUGGU CUGADGAGGCCGAAAGGCCGAA AAAAAAG 
2492 AGGUGGG CUGADGAGGCCGAAAGGCCGAA AGGUGCU 
2504 ACAAAAG CUGADGAGGCCGAAAGGCCGAA AGGUGGG 

2508 UGGGAUG CJ^.UGAGGCCGAA^^GCCGAA AUGGAUA 

2509 CUGGUAA CUGAUGAGGCCGAAAGGCCGAA ACUCUAA 
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2510 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2520 CAUUGGG CUGADGAGGCCGAAAGGCCGAA ACAAAAG 

2521 UGAGGGU CUGADGAGGCCGAAAGGCCGAA AADGCUG 
2533 GADACCU CUGADGAGGCCGAAAGGCCGAA AGCADCA 
2540 CACAGCG CUGADGAGGCCGAAAGGCCGAA ACCGCUG 
2545 AGGACCA CUGADGAGGCCGAAAGGCCGAA ACAGCAC 
2568 UUUGACA CUGADGAGGCCGAAAGGCCGAA ACUUCAC 
2579 CAGGCCA CUGADGAGGCCGAAAGGCCGAA AACUUAD 
2585 AGAGAAC CUGADGAGGCCGAAAGGCCGAA ADGCCAG 
2588 ADUAGAG CUGADGAGGCCGAAAGGCCGAA ACAADGC 
2591 AGGAGCA CUGADGAGGCCGAAAGGCCGAA AGAACCA 
2593 GCAGAGC CUGADGAGGCCGAAAGGCCGAA AAAGAAG 
2596 CADUGGG CUGADGAGGCCGAAAGGCCGAA ACAAAAG 

2601 AAACGAA CUGADGAGGCCGAAAGGCCGAA ACACGGU 

2602 GGGADGG CUGADGAGGCCGAAAGGCCGAA AGCUGGA 

2607 CCAGGUA CUGADGAGGCCGAAAGGCCGAA ADCCGAG 

2608 CACAGCG CUGADGAGGCCGAAAGGCCGAA ACUGCUG 

2609 UCCUGGU CUGADGAGGCCGAAAGGCCGAA ACADDCC 
2620 GCAGGGU CUGADGAGGCCGAAAGGCCGAA AGGUCCU 
2626 GCUGGAA CUGADGAGGCCGAAAGGCCGAA ADCGAAA 
2628 AGGCOAC CUGADGAGGCCGAAAGGCCGAA AGUGUGC 
2635 AGGACCG CUGADGAGGCCGAAAGGCCGAA AGCUGAA 

2640 GGCAGGA CUGADGAGGCCGAAAGGCCGAA ACAGGCC 

2641 CUGCUGA CUGADGAGGCCGAAAGGCCGAA AGCUGGG 

2642 GAGGCAG CUGADGAGGCCGAAAGGCCGAA AAACAGG 
2653 GCADCCU CUGADGAGGCCGAAAGGCCGAA ACCAGUA 
2659 CUUGCAC CUGADGAGGCCGAAAGGCCGAA ACCCUUC 
2689 CCUCGGA CUGADGAGGCCGAAAGGCCGAA ACADUAG 
2691 GGCCUCG CUGADGAGGCCGAAAGGCCGAA AGACADU 
2700 GGGCAGG CUGADGAGGCCGAAAGGCCGAA AGGCUUC 
2704 AGGCUGG CUGADGAGGCCGAAAGGCCGAA AGAGGUC 

2711 CUGCUGA CUGADGAGGCCGAAAGGCCGAA AGCUGGG 

2712 CCCUUCC CUGADGAGGCCGAAAGGCCGAA AGACCUC 
2721 CUUGCAC CUGADGAGGCCGAAAGGCCGAA ACCC UUC 
2724 GCACACG CUGADGAGGCCGAAAGGCCGAA AUGOACC 
2744 CUGCACG CUGADGAGGCCGAAAGGCCGAA ACCCACC 
2750 GGUACUC CUGADGAGGCCGAAAGGCCGAA ADAAADA 
2759 AGADCGA CUGADGAGGCCGAAAGGCCGAA AGUCCGG 
2761 GCAGGGU CUGADGAGGCCGAAAGGCCGAA AGGUCCU 
2765 AGCGGCA CUGADGAGGCCGAAAGGCCGAA AGCAAAA 
2769 CCUGUUU CUGADGAGGCCGAAAGGCCGAA ACAGACU 
2797 GGACCAU CUGADGAGGCCGAAAGGCCGAA ADUUCAU 

2803 CGCCUGG CUGADGAGGCCGAAAGGCCGAA ACCADGA 

2804 CUGCACG CUGADGAGGCCGAAAGGCCGAA ACCCACC 
2813 GGGUCAG CUGADGAGGCCGAAAGGCCGAA ACCGGAG 
2815 AAAGUUG CUGADGAGGCCGAAAGGCCGAA AGACUGU 

2321 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 

2322 AAGUCCG CJGAUGAGGCCGAAAGGCCGAA AGGCVCC 

2323 -"GGGAGC CUGAUGAGGCCGAAAGGCCGAA AAAGGCA 
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2829 AOGAUUA CUGAUGAGGCCGAAAGGCCGAA AGUCCAG 

2837 UCAGAAG CUGAUGAGGCCGAAAGGCCGAA ACCACCU 

2840 CAGGCAG CUGAUGAGGCCGAAAGGCCGAA AGUCUCA 

2847 GGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACAUUGG 

2853 AACADAA CUGAUGAGGCCGAAAGGCCGAA AGGCUGC 

2860 UCACAGU CUGAUGAGGCCGAAAGGCCGAA ACUUGGC 

2872 CUUGGOJ CUGAUGAGGCCGAAAGGCCGAA AAGGUCC 

2877 GUGAUGG CUGATCAGGCCGAAAGGCCGAA AGCGGAA 

2899 AAGAUCG CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 

2900 AAAACUC CUGAUGAGGCCGAAAGGCCGAA AAADUAA 

2904 AAUAGAG CUGAUGAGGCCGAAAGGCCGAA ADGAAGU 

2905 CAAUAGA CUGAUGAGGCCGAAAGGCCGAA AAUGAAG 

2906 UAAUAAA CUGAUGAGGCCGAAAGGCCGAA ACADCAA 

2907 AAADUAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2908 AGCAAAA CUGAUGAGGCCGAAAGGCCGAA AAGCUUC 

2909 AGAGCAA CUGAUGAGGCCGAAAGGCCGAA AGAAGCU 

2910 AAAUUAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2911 AAADUAA CUGATCAGGCCGAAAGGCCGAA AAAUACA 

2912 GACADUA CUGAUGAGGCCGAAAGGCCGAA AGAACAA 

2913 UGACCAG CUGAUGAGGCCGAAAGGCCGAA AGAGAAA 

2914 CUUAUGA CUGAUGAGGCCGAAAGGCCGAA AAAAGCA 

2915 UCUAAAD CUGAUGAGGCCGAAAGGCCGAA AAUAAAD 

2916 CUCCGGA CEGADGAGGCOGAAAGGCCGAA ACGAADA 

2917 UCUCCGG CUGAUGAGGCCGAAAGGCCGAA AACGAAU 

2918 CUCUCCG CUGAUGAGGCCGAAAGGCCGAA AAACGAA 

2919 CGACCCU CUGAUGAGGCCGAAAGGCCGAA ADGAGAA 
2931 CUUCCGA CUGAUGAGGCCGAAAGGCCGAA ACCUCCA 
2933 CCCUUCC CUGAUGAGGCCGAAAGGCCGAA AGACCUC 
2941 UGGGGAC CUGAUGAGGCCGAAAGGCCGAA AUGUCUC 

2951 GCAGAGG CUGAUGAGGCCGAAAGGCCGAA AGCGUGG 

2952 CACAGCG CUGAUGAGGCCGAAAGGCCGAA ACUGCUG 

2955 UGACACA CUGAUGAGGCCGAAAGGCCGAA AGUCACU 

2956 UUGAUUC CUGAUGAGGCCGAAAGGCCGAA AAGGAAA 

2961 AGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACACAGA 

2962 AADUAAD CUGAUGAGGCCGAAAGGCCGAA AADACAU 

2965 CUUUAUU CUGAUGAGGCCGAAAGGCCGAA ADUCAAA 

2966 CCUCUGC CUGAUGAGGCCGAAAGGCCGAA AGCCAGC 
2969 AAAACUU CUGAUGAGGCCGAAAGGCCGAA AUUGAUU 

2975 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2976 - AGUAGAG CUGAUGAGGCCGAAAGGCCGAA AACCCUC 

2977 CAGCUCA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 
2979 GGCAAUA CUGAUGAGGCCGAAAGGCCGAA AGAAUGA 
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Table 9: Rat ICAM HH Ribozyme Target Sequence 



PCIYTB95/00156 



at. HH Target sequence at. 

Position Position 

11 GADCCAAU a CACACUGA 394 

23 GCUGACU0 C CUULXCUA 420 

26 GAACOGCU C OUCC U C UU 425 

31 CCUCOTCU C UAjUJCLU 427 

34 CUGAAGCU C AGADAUAC 450 

40 CUCAAGGU A CAAGCCCC 451 

48 GAGAACCU C GGCCUGGG 455 

54 CCCCGCCU C CCUGAGCC 495 

58 CCGOaJOJ U UAGCOCCC 510 

M CAAUGGCU U CAAO00GQ 564 

96 CCUCU3CU C aXiUAXX! 592 

102 CUCCUGGU C COU^JUjC 607 

108 GGACUGCU U GGGGAACU 608 

115 UCCUACCU 0 UGOUCCCA 609 

lis gacaoxsu c cccaacuc - en 

120 GUUGUGAU C rT TTO j L'L' 656 

146 CCAGACCQ U GGAACUCC 657 

152 ACCCGGCU C CACCUCAA 668 

158 AUUUCUUU C ACGAGUCA 677 

165 UGAACAGU A OJULUXX: 684 

168 GAAGCCUU C C U U X TJ CG 692 

185 GGGUGGA0 C CGUGCAGG 693 

209 CAGCCCCU A ADCDGACC 696 

227 GACCAAGQ A ACU GUG AA 709 

230 CAAGCD3U U GUGGGAGG 720 

237 CUGAAGCU C GACAOCCC 723 

248 GGCCCCCU A CCUUAGGA 735 

253 CACOGCCU C AGUGGAGG 738 

263 GAGCCAAU U UCUCADGC 765 

267 GAAGCCUU C C U UUU UCG 769 

293 GAAGCOCU U CAAGCUGA 770 

319 CGGAGGAU C ACAAACGA 785 

335 ACUGUGCU U UGAGAACU 786 

337 U3UGCOAU A UGG U CC UC 792 

338 AAGCUCUU C AAGCUGAG 794 
359 CACGCAGU C CUCGUC UU 807 
367 CAAUGGCU U CAACCCGU 833 

374 ... UGACCCCU C ACCCACCU 846 

375 AGAAGCCU U CCUGCCUC 851 
378 AC CCACCU C ACAGGGUA 863 
386 CGCUGUGU U UUGGAGCU 866 



HH Target Sequenc« 



C 

a 
a 
c 
c 
u 
c 



GCGGwGCU U 
GCACCCCU C 
CCUCGGCU U 
UCCCUGUU U 
AAGAACCU C 
GGGCACUU C 
CUCGGCUU C 
GCCACCAU C 

Grocroca c 

GAAAADGU U 
GGGAGUAU 
GAGCCAAU 
AGCCAADU 
GCCAAUUU 
CAAUOUCU 
GUCACUGU 
UCACUGUU 
GAACUGCU C 
GCACCCCU c 
AGGCAGCU C 
CCAGACCU U 
CGGACUUU C 
GC C UGUUU C 
CAGCADUU A 

cuACAAca a 

CAACUUUU C 
CUCCUGGU C 
UCCUGCCU C 
ACUGOGCU U 
UCUUGUGU U 
C UUUJGUU C 
AGGCCUGU U 
GGCCUGUU U 
CUCCUGGU C 
UCCUGCCU C 
GCUCAGAU A 
CCUGGGGU U 
CUGACAGU U 
GCUCACCU U 
CAAUGGCU U 
CCADGCUU C 



CUGAACAG 
CCAGCGCA 
CUGCCACC 
AAAAACCA 
AUCCUGCG 
CCCCAGGC 
UGCCACCA 
ACUGUGOA 
CGOGGGAA 
CCAACCAC 
ACCAGGGA 

ucccaugc 
cccaugcu 
ccadgcuu 

ACGCUUCA 
CAAGAAUG 
AAGAAUGU 
UUCCUCUU 
CCAGCGCA 
CGGACUUU 
GGAACUCC 
GAOCUUCC 
CCGCCUCO 
CCCCU CA C 
UUCAGCUC 
AGCUCCCA 
CUGGUCGC 
GGGGCGGA 
UGAGAACU 
CCCUGGAA 
CCUGGAAG 
UCCUGCCU 
CCUGCCUC 
CUGGUCGC 
UGAAGCUC 
UACCUGGA 
GGAGACUA 
AUUUADUG 
UAGCAGCU 
CAACCCGU 
CUCUGACA 
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367 GACCACCU C CCCACCUA 1421 

869 CUCUUCCU C UUGCGAAG 1425 

881 AADGGCOU C AACCCGCG 1429 

885 GACCAAGU A ACUGUGAA 1444 

933 tXJUiUADU C GUUCCCAG 1455 

936 GCAGAGAU U UUUJUJCA 1482 

978 UUGAGAAU C OACAACUU 1484 

980 GAGAADCU A CAA CUUUU 1493 

986 COACAACU U UUCAGCCC 1500 

987 UACAACUQ U 0 CA GC0CC 1503 

988 ACAACUUU U CAGCUCCC 1506 

1005 UUCGOG3U7 C GU UjC UK J 1509 

1006 GOSGGAGQ A UCACCAGG 1518 
1023 OCGGAGGU C UCAGAAGG 1530 
1025 GGAGGU3J C AGAAGGGG 1533 

1066 ocaaocro a goucccaa 1551 

1092 AGAGGGGD C UCAGCAffiL 1559 

1093 AGGGGAAU C CAGCCCCU 1563 
U25 CCCCAACU C UUGUUGA0 1565 

1163 ACGACGC0 a CUUUUUCU 1567 

1164 CGACGCUU C UU0UGC0C 1584 
U66 ACUJUUCU a OTGC0C0G . 1592 

U72 cuuuuuuu c T wnaa aju 1599 

1200 ADCCAAOT C ACACUGAA 1651 

1201 UUGGGCUU C UCCACAGG 1661 
1203 GGGCOTOJ C CACAGG0C 1663 

1227 UO3GAAC0 C GADGOSOT 1678 

1228 GCGGGCDO C GOGADOTO 1680 
1233 CUCCTOGU C OJ U UJU* : 1681 
1238 OSOGCOA0 A UG GUCOX : 1684 
1264 GGAAAGA0 C X0AOQGGU 1690 
1267 GOCACUGa U CAAGAA0G 1691 

1294 CAGAGAOT TJ DG U G U CAG 1696 

1295 AGAGGGGU C UCAGCAGA 1698 
1306 AGCAGACU C UUACAOGC 1737 
1321 AACAGAGa C UGGGGAAA 1750 
1334 GUAUUJUU a OOCAGAGC 1756 
1344 TOSG U UC U C AGGUADCC 1787 
1351 UCAGGOCa A AGAGGACa 1790 
1353 UAGCAGCU C AACAAOGG 1793 

1366 AGGGOACa U COCCCAGG 1797 

1367 GGGQACTO C COCCAGGC 1802 

1368 GADSGUGU C C0 3OJ GC C 1812 
1380 CUGCCOA0 C GGGAOGGU 1813 
1388 - OQGAGACa A ACUGGADG 1825 
1398 CUGGCTOU C ACAGGACA 1837 
1402 CUGUGCUa a GAGAACUG 1845 
1408 OOCGOTA0 C GO GGCUU C 1856 
1410 CGAACUAU C GAGUGGAC 1861 



GGGOACUU 
ACCCACOJ 
AQACUUGU 
AGAAGGCU 
GGGAGCEAU 
AGGGUACU 
ACCGCUCU 
CCCGGGGU 
CGUGAAAU 
GAAAADGa 
UGGGUCAU 
GCCACCAU 
GUCCUGGU 
ACCUGGGa 
CUGADCAU 
GCGGOCCU 
OGGGAAGa 
UCCUACCU 
UUACACCU 
ACACCUAU 
AGGAAGAX7 
CAGGAOAI7 
UACAAGOU 

cccoGcca 

CCGCACUU 
GAACAGAZ7 
GAGAACCU 
GGGCUUCU 
GGCC U G UU 
CUGCUCGU 
CCCCACCU 
CCGGACUU 
COC OJUJU 
UCAGACWJ 
GADCACA0 
GtXXJUJUU 

c c ucu gcu 
gagaaccu 
gacacugu 
adggocc u 
ooccuguu 

GCOCAGAU 
AACAGAGa 
GCGG GC UU 
GCCACCAU 
ACCCACXAJ 
AGAGGACU 
CCCCUAAD 
CAOGUGCU 



C 

c 

A 
C 

c 
u 
a 
a 
a 
a 

A 

c 
c 
c 
a 
c 
c 
u 

A 

a 
c 

A 
A 
C 

u 
c 
c 
c 

0 
A 
A 

a 
c 

A 

u 

A 
C 

c 
c 
c 

U 
A 

c 
c 
c 
c 
c 
c 

A 



CCCCAGGC 
CUCOGGCU 
GCCUCAGG 
AGGAGGAG 
ACCAGGGA 
CCCCCAGG 
CCUCUUGC 
GGAGACUA 
AOGGOCAA 
CCAACCAC 
AUUGUCGG 
ACUGUGUA 
GCCGUUGU 
AQAAUUGU 
GCGGGCUU 

osc u cgua 
cctouuua 
uguuccca 

UUACCGCC 
ACCGCCAG 
AGGAUAQA 
CAAGUUAC 
CAGAAGGC 
CCUGAGCC 
GCCCUGGU 
AADGGACA 
GGCCUGGG 
CACAGGUC 
CCUGCCUC 
GACCUCUC 
CABACAOU 
CGADCUUC 
CCX5GUCGC 
CCUGGAGA 
CAOGGUGC 
CACCOAUU 
OX5GUCCU 
GGCCUGGG 
CCCAACUC 
ACCUGGAC 
AAAAACCA 
UACCUGGA 
UGGGGAAA 
GUGAUCGU 
AC03UGUA 
ACAGGGUA 
GGAGGGGC 
UGACCUGC 
UA03GUCC 
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1365 

1863 

1877 

1301 

1312 

1S22 

1S23 

1928 

IS 30 

1964 

1983 

1956 

2005 

2013 

2015 

2020 

2039 

2040 

2057 

2061 

2071 

2076 

2097 

2098 

2115 

2128 

2130 

2145 

2152 

2156 

2158 

2159 

2160 

2162 

2163 

2166 

2167 

2170 

2171 

2173 

2174 

2175 

2176 

2183 

2185 

2186 

2187 

2189 

2196 



UAUCCGGU A GACACAAG 
UCACGAGtf C AGAnAAAU 
ACAGUAOJ U CCCCCAGG 
CUAAAAOJ C AAGGOACA 
GAACAGAtJ C AADGGACA 
ADGUAAGU Q ADCGCCUA 
CGGACGCT C ACCUUDAG 
GCUCAGAU A OACCUGGA 
USGAGACU A ACCGGADG 
AGAGAEUU CT GCGOCAGC 
GAGAACCT C Gs*X'JU * i 
C 
(J 
A 
C 
A 
C 

c 
c 
u 



a 
c 

A 
A 



UGGAAGCU 
ADGOAAGU 
C3CUGCCU 

cotccuau 

UADUGAGU 
CGGAGGAU 
CCCGACCT 

cascucca 

GCGCCCA0 
ADACUUGU A 
CGOAGCCa C 
CCAACUCU 
CCUGACCU 

roccGAca 

AGU GC UG U 
GCCUGCUU 
CCAACDCU 
UOGAGAAU 
OGACAGGU 
OGADSUAU 
GADGOADU 

ADGUAUUU 

ACADUCCU 

aADUDADU" 

93ADGUAU 

GA03UADU 

GUA0UUAU 

CAGUDADU 

QOTGCOAU 

UCUCDAUU 

AUUUCUUU 

GAAAAUGC 

CGACAGCU 



UUCAAGCU 
AUUUOCUA 
UCGGGADG 
GGGADGGU 
CCCOGOAC 
ACAAACGA 
OT3GAGGC7 
CAADGGOJ 
UACACCGA 
GCCOCAGG 
AGGCCOAA 
GOCGADOT 
COGGAGOT 
GGGUCCCG 
CCADGADC 
C CO GCOJ C J 
U GUUiAUUU 
C UACAACUU 
A COUADCGA 
U UAOUAAIJU 
U AEUAADUC 
A UOAADOCA 
CC UUU G UU 
A0UCAGAG 
UADUAAUU 
ADUAADUC 
AADUCAGA 
ATOGAGOA 
UGGOOCUC 
A CCC OJU .V 
C ACGAGUCA 
U CCAACCAC 
A UuuaUUGA 
ACAGUUAD U UAUUGAGU 
CAGUUATO U AUUGAGUA 
AGUUADUU A UOGAGOAC 
UUADUUAIJ U GAGOACCC 
CCGACAGtf U AUUUADUG 



A 
A 
U 
tJ 
XT 

a 

A 



2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2233 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 

2451 

2452 



GAACGUCU 
AGACUCUU 
GGGOACUU 
GGGCOUOJ 
UUCCGOGU 
CGGAGACU 
GAGAACCU 
ACACACAD 
CUGGACCU 
UCACGCUU 
ACACAGCU 
CUCCCGGU 
ACCCAADU 
GAOCAGAD 
ADCACADU 
ADCAGGAC7 
GAGCAGGU 
GGAAAGAU 
ACAGUUAU 
GCCCCGGU 
CAGGADAU 
GGAAAGAU 
CCGGGCUU 
GGGUACUU 
GGGCCUGU 
CCGCCCGU 

ccccgccu 
ccadccau 
cuugcguu 

GAACUGCU 
GACUUCCD 
GCUGAUUU 
CDGCUCUU 
DGAUUCCU 
ADUUCUUU 
UAUCCGGU 
UAAAUACU 
UGUGCUAU 
CAADUDCU 
ADCAGGAU 
UCATCCUU 
UUAUOAAU 
CCUGGGGU 
UCAGAGUU 
CGGAGGAU 
UGAACAGU 
GAAGCCUU 
GGCCUGUU 
GCCUGCUU 



CGAGGUCA 
CADGCCAG 
CCCCAGGC 
CACAGGUC 
AGCCACUG 
ACCGGACG 
GGCCDGGG 
CCUACCUU 
AGGCCACA 
ACAGAAOJ 
UCAGUAGU 
CCGGUCGC 
ACACDGAA 
CACGGCGC 
ACGGUGCU 
UACAAGOU 
AACADGUA 
AUACGGGC 
UADUGAGU 
CUCCAADG 
CAAGDUAC 
AEEACGGGU 
UCCACAGG 
CCCCAGGC 
GGCGCUCA 
GACCUCUC 
CUCCCACA 
CCACAGAA 
CCUGGAAG 
UUCCUCCU 
CUCUADUA 
UUUCACGA 
CUCUUGCG 
UCACGAGU 
ACGAGUCA 
GACACAAG 
UGUGGACG 
0GGUCCUC 
AUGCUUCA 
UACAAGUU 
ACAGAACU 
CAGAGUUC 
U GGAGACUA 
C UGACAGU r J 
C ACAAACGA 
A CUUCCCCC 
C CUGCCUCG 
U CCCGCCUC 
C CUGCCUCU 



C 
A 
C 

c 
c 

A 

c 

U 

c 
c 
c 
c 
c 
u 
c 

A 

u 
c 
u 
c 

A 

c 
c 
c 
c 

A 

c 
c 
c 
c 
u 
c 
c 
u 
c 

A 
A 
A 

c 

A 
C 

u 
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2455 acauuccu a cojuu g uu 

2459 cccugccu c cucccaca 

2460 ccuaccuu u guucccaa 

2479 uuacaccu a uuaccgcc 

2480 gujbcluj u gugadccc 

2483 accuucgu u cccaadgu 

2484 ccuuuuuu c ccaadguc 

2492 aCCACCQ C CCCACCUA 

2504 ACCUACAU A CADUCCUA 

2508 ACAUACA0 U CCUACCUU 

2509 CAUACADU C CUACCUUU 

2510 GUCCADUU A CACCUACU 

2520 ACCUUUGU U CCCAADGU 

2521 O U UUUMUU C CCAADGUC 
2533 ACAGCADU U ACCCCUCA 
2540 O ^sj U UL U C AGGOADCC 
2545 AG3CAGCU C CGGACUUU 
2563 CAGAGADU U UGUGUCAG 
2579 CCB3CACU U UGCCCUGG 
2585 CUGCUCGU A GACCUCUC 
2588 UGC CUCCU C CCACAGCC 
2591 OXIUUCCU C UUGGGAAG 
2593 OCUCUADU A C CCC UGCU 
2596 C U CL UU j U C C U j UA J UC 

2601 TOUGCUAU A UGGU CCU C 

2602 G SXUUAJ C GCCGUUGU 

2607 GOGGGAGU A UCACCAGG 

2608 CUUUAGCU C CCGUG3GA 

2609 U5GAGACU A ACUGGADG 
2620 UCAGAGUU C UGACAGUU 
2626 CBOTZAGU A G O GCU QCU 
2628 UACAACUU U UCAGCDCC 
2635 UCACAGAU C CAADUCAC 

2640 GCBCAGGU A UCCADCCA 

2641 CCCCACCU A CAUACADU 

2642 GC OJUJUU C OJUOCUC U 
2653 CCACAGGU C AGGG0GCU 
2659 AGAAGGGU C CUGCAAGC 
2689 ACUAGGGU C CUGAAGCU 
2691 OCAGGCCU A AGAGGACU 
2700 AGGGUACU U CCCCCAGG 
2704 GACCACCU C CCCACCUA 

2711 CCCUACCU U AGGAAGGU 

2712 CCUACCUU A GGAAGGUG 
2721 - GGAAAGAU C AUACGGGU 
2724 AAGADCAU A CGGGUUUG 
2744 GGGUGGAU C CGUGCAGG 
2750 GUU CL UUU U UAAAAACC 
2759 GACGAACU A UCGAGUGG 



2761 

2765 

2769 

2797 

2803 

2804 

2813 

2815 

2821 

2822 

2823 

2829 

2837 

2840 

2847 

2853 

2860 

2872 

2877 

2899 

2900 

2904 

2905 

2906 

2907 

2908 

2909 

2910 

2911 

2912 

2913 

2914 

2915 

2916 

2917 

2918 

2919 

2931 

2933 

2941 

2951 

2952 

2955 

2956 

2961 

2962 

2965 

2966 

2969 



CGGACUUU 
CUUUUGCU 
UUCUCUAU 
CGUGAAAU 
CUCADGCU 
UCADGCUU 
GCUCCCAU 
CGGACUUU 
CCUGACCU 
UACAACUU 
CAACUUUU C 
UCGGUGCU C 
CACAGGGU A 
GCACCCCU C 
UUACCCCU C 
UUCGADCU U 
UCUUUUGU U 
GGGOCUGU C 
UGGAGUCU C 
AGGCAGCU C 
GGCOTACU U 
GAACUGCU C 
GGCUGACU U 
GUUGADGU A 
CUGCUCUU C 
OSAD3CAU U 
GAACUGCU C 
ACUUCCUU C 
UUCCUUCU C 
AIX3UADUU A 
OGOGUADU C 
GUAUUUAU U 
UADUUAUU A 
CUCUUCCU c 
CUUCCUCU U 
ADUUCUUU C 
UUUUflJGU C 
GADGGUGU C 
UGGAGUCU C 
CAGUACUU 
ACCAOGCU 
CCGGACUU 
UGCUUCCU 
CUUUCCUU 
UUUUGUGU 
UGUGUAUU 
CUUUGAAU 
UGGAAGCU 
GAADCAAU 



C 
U 
U 
C 

u 
c 
c 
c 
c 

A 



GAUCUUCC 
UGCGGCCU 
ACCCCUGC 
ACGGUCAA 
CACAGAAC 
ACAGAACU 
CUGACCCU 
GAUCUUCC 
CUGGAGGU 
UCAGCUCC 
AGCUCCCA 
AGGUAUCC 
CUUCCCCC 
CCAGCGCA 
ACCCACCU 
CCGACUAG 
CCCUGGAA 
GGUGCUCA 
CCAGCACC 
CGGACUUU 
CCUUCUCU 

uuccucuu 

CCUUCUCU 
UUUAUUAA 
CUCUUGCG 
UAUUAAUU 
UUCCUCUU 
UCUAUUAC 
UAUUACCC 
UUAAUUCA 
GUUCCCAG 
AAUUCAGA 
ADUCAGAG 
UUGCGAAG 
GCGAAGAC 
ACGAGUCA 
AGCCACUG 
CCGCUGCC 
CCAGCACC 
CCCCAGGC 
CCTCUGAC 
CGAUCUUC 
UGACAUGG 
GAAUCAAU 
AGCCACUG 
GUUCCCAG 
AAC2AAAGU 
UUCAAGCU 
AAGUUUUA 
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2975 OGGAAGOJ C ODCAASCCJ 

2976 UAUAGGGU C CGCACCOG 

2977 GAAGCDCU U CAAGCOGA 
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Table 10: Rat ICAM HH Ribozyme Sequences 



at • Rat BB Rlborym* S«qu«ae« 

Position 

U OCAGUGCG COGAOGAGGCCGAAAGGCCGAA AOGGGACC 

23 OAGAGAAG OXSUX^SGCCSAAAGGCCGAA AAGOCAGC 

26 AAGAGGAA COGADGAGGCCGAAAGGCCGAA AGCAGOCC 

31 AGGACCAG COGAOGAGGCCGAAAGGCCGAA AGCAGAGG 

34 GOAOAOCO COGADGAGGCCGAAAGGCCGAA AGCDOCAG 

40 GGGGCOOG COGADGAGGCCGAAAGGCCGAA ACCOOGAG 

48 CCCAGG CC COGAOGAGGCCGAAAGGCCGAA AGGOCCCC 

54 GG C OCAGG COGAOGAGGCCGAAAGGCCGAA AGGCGGGG 

58 GGGAGCOA COGAOGAGGCCGAAAGGCCGAA AGGCACGG 

64 ACOGGCOG COSADSAGGCCGAAAGGCCGAA AGCCAOOG 

96 AGGACCAG COGAOGAGGCCGAAAGGCCGAA AGCAGAGG 

102 GCGACCAG COGAOGAGGCCGAAAGGCCGAA ACCAGGAG 

108 AGCOCCCC COGAOGAGGCCGAAAGGCCGAA AGCAGOCC 

U5 OGGGAACA COGADGAGGCCGAAAGGCCGAA AGGOAGGA 

119 GAGOOGGG COGAOGAGGCCGAAAGGCCGAA ACAGOCOC 

120 GGCCCGGG COGAOGAGGCCGAAAGGCCGAA AOCACAAC 
146 GGA GOCCC COGADGAGGCCGAAAGGCCGAA AGGOCCGG 
152 UOGAGGOG COGADGAGGCCGAAAGGCCGAA AGCCGGGO 

158 OGACOCGO COGADGAGGCXEAAAGGCCGAA AAAGAAAO ^ 

165 GGGGGAAG COGADGAGGCCGAAAGGCCGAA ACCGUOCA 

163 CGAGGCAG COGAOGAGGCCGAAAGGCCGAA AAGGCDOC 

185 CCOGC ACG COGAOGAGGCCGAAAGGCCGAA. ADCCACCC 

209 GGOCAGAIJ COGAOGAGGCCGAAAGGCCGAA AGGGGCOG 

227 OOCACAGa COGAOGAGGCCGAAAGGCCGAA ACDOGGOC 

230 CCOCCCAC COGADGAG&~:rJUUK3GCCGAA ACAGCOOG 

237 GGGGOGOC COGAOGAG&" "SAAAGGCCGAA AGCOOCAG 

248 OCCQAAGG OX3AOGAGGCC3AAAGGCCGAA AGGGGGCC 

253 CCOCCACO COGAOGAGGCCGAAAGGCCGAA AGGCAGOG 

263 GC A OGAGA COGAOGAGGCCGAAAGGCCGAA AOOGGCCC 

267 CGA GGCAG COGAOGAGGCCGAAAGGCCGAA AAGGCDOC 

293 OCAGCOOG COGADGAGGCCGAAAGGCCGAA AGAGCOOC 

319 1A-UJUUAJ COGAOGAGGCCGAAAGGCCGAA AOCCOCCG 

335 ACOOCOCA COGAOGAGGCCGAAAGGCCGAA AGCACAGU 

337 GAGGACCA COGAOGAGGCCGAAAGGCCGAA AOAGCACA 

338 COCAGCOO COGAOGAGGCCGAAAGGCCGAA AAGAGCOU 
359 AAGCCGAC COGAOGAGGCCGAAAGGCCGAA. ACOGCGOG 
367 ACGGGOOG COGAOGAGGCCGAAAGGCCGAA AGCCAOOG 

374 AGGOGGGO COGADGAGGCCGAAAGGCCGAA AGGGGDAA 

375 GAGGCAGG COGAOGAGGCCGAAAGGCCGAA AGGCDOCD 
378 DACCCDGO COGADGAGGCCGAAAGGCCGAA AGGOGGGO 
386 AGCDCCAA CUGADGAGGCCGAAAGGCCGAA ACACAGCG 
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394 COTOUCAG CUGADGAGGCCGAAAGGCCGAA AGCACCAC 

420 UGCGCOGG CTOADGAGGCCGAAAGGCCGAA AGGGGUGC 

425 GGCGGCAG CUGADGAGGCCGAAAGGCCGAA AGCCGAGG 

427 UGGDUUUU OX3ADGAGGCCGAAAGGCCGAA AACAGGGA 

450 C GCAG GAD COGADGAGGCCGAAAGGCCGAA AGGUUCUU 

451 UXLUjU * CUGAIX3AGGCCGAAAGGCCGAA AAGOACCC 
456 OQGDGGCA COGADSAGGCCGAAAG3CCGAA AAGCCGAG 
495 UACACA GU CUGADGAGGCCGAAAGGCCGAA ADGGUGGC 
510 UOCCCACG COGADGAGGCCGAAAGGCCGAA AGCAGCAC 
564 GTOGDTOG COSAOTAGGCrGAAAGGCOGAA ACADUUUC 
592 3CCC0GGU CUGADGAGGCXGAAAGGCCGAA ADACUCCC 

607 GCADSAGA CUGAD3AGGCCGAAAGGCCGAA ADUGGCUC 

608 AGCADGAG COSADGAGGCCGAAAGGCCGAA AADUGGCU 

609 AAGCADSA CTCADGAGGCXSAAAGGCCGAA AAADCGGC 
611 O GAAGCAP CTCADSAGGCOGAAAGGGCGAA AGAAADUG 

656 CADOraro CO5ATOAGGCCGAAAGGO0GAA ACAGOGAC 

657 ACADOCDU CTOATOAGGCCGAAAGGCCGAA AACAGUGA 

663 aagaggaa cosadgaggccgaaaggccgaa agcaguuc 

677 OGCGOXjU cugadgaggccgaaaggccgaa aggggugc 

684 aaaguccg cosadgaggccgaaaggccgaa agcdgccu 

652 ggagoocc cugadgaggccgaaaggccgaa aggucugg 

693 ggaagabc cugaosaggccgaaaggccgaa aaaguccg 

696 AGAGGCAG COGAD3AGGCCGAAAGGCCGAA AAACAGGC 

709 GOGAGGGG COSADGAGGCCGAAAGGCCGAA AAADGCUG 

720 GAGCOSAA COSADSAGGCCGAAAGGCCGAA AGUUGUAG 

723 OSGGAGCU COSADGAGGCCGAAAGGCCGAA AAAAGUUG 

735 GCGA CCAG COSADSAGGCCGAAAGGCCGAA ACCAGGAG 

738 U CCACCCC COSADGAGGCCGAAAGGCCGAA AGGCAGGA 

765 AUJUCUCA COSADGAGGCCGAAAGGCCGAA AGCACAGU 

769 UTOCAGGG COSADGAGGCCGAAAGGCCGAA ACACAAGA 

770 CDOCCAGG COSADGAGGCCGAAAGGCCGAA AACACAAG 

785 AGGCAGGA COSADSAGGCCGAAAGGCCGAA ACAGGCCD 

786 GftGGCAGG COSADGAGGCCGAAAGGCCGAA AACAGGCC 
792 G CGACCAG COSADSAGGCCGAAAGGCCGAA ACCAGGAG 
794 GAGC UIXIA COSADGAGGCCGAAAGGCCGAA AGGCAGGA 
807 UCCAGGOA COSADGAGGCCGAAAGGCCGAA A0CDGAGC 
833 OAGOCOCC COSADGAGGCCGAAAGGCCGAA ACCCCAGG 
846 CAADAAAU COSADGAGGCCGAAAGGCCGAA ACDGOCAG 
851 AGCOSCOA COGAD3AGGCCGAAAGGCOGAA AGGUGAGC 
863 ALU^G UUi COSADSAGGCCGAAAGGCCGAA AGC CAU U G 
366 OGOCAGAG COSADGAGGCCGAAAGGCCGAA AAGCADGG 
867 UAGGOSGG COSADSAGGCCGAAAGGCCGAA AGGDGGOC 
869 CUU *»CAA COSADSAGGCCGAAAGGCCGAA AGGAAGAG 
881 CACGGGOD COSADGAGGCCGAAAGGCCGAA AAGCCADU 
885 UOCACAGU CUGADGAGGCCGAAAGGCCGAA ACUOGGUC 
933 COSGGAAC CUGADGAGGCCGAAAGGCCGAA AADACACA 
936 OSACACAA CUGADGAGGCCGAAAGGCCGAA ADCUCUGC 
378 AAGUUGOA CUGADGAGGCCGAAAGGCCGAA ADOCUCAA 
980 AAAAGUUG CUGADGAGGCCGAAAGGCCGAA AGADUCUC 
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986 GAGCOGAA COGADGAGGCCGAAAGGCCGAA AGCDGCAG 

987 GGAGCOGA COGADGAGGCCGAAAGGCCGAA AAUJUUJA 

988 GGGAGCOG COGADGAGGCCGAAAGGCCGAA AAAGODGO 

1005 GACGCCAC COGADGAGGCCGAAAGGCCGAA AOCACGAA 

1006 CCOGGUA COSADGAGGCCGAAAGGCCGAA ACOCCCAC 

1023 Caracas* cogadgaggccgaaaggccgaa accoccgg 

102S OUJU U.-J COGADGAGGCCGAAAGGCCGAA AGACCOCC 

1066 UCOSGAAC COGADGAGGCCGAAAGGCCGAA AAGGOAGG 

1092 CCOGCDGA CDSADGACGCOSAAAGGCCGAA ACCCCCCO 

1093 AGGGGCCG CDGADGAGGCCGAAAGGCCGAA ACCCCCCO 
1125 ACCAACAA COGADGAGGCCGAAAGGCCGAA AGDOGGGG 
1163 AGCAAAAG CDGADGAGGCCGAAAGGCCGAA A GC GCCG U 
U64 GAGCAAAA OX3ADSAGGCXGAAAGGCCGAA AAGCGCCG 
1166 CAGAGCA A COGADGAGGCCGAAAGGCCGAA AGAAGCGO 
H 72 AGGCCGCA COGADGAGGCCGAAAGGCCGAA AGCAAAAG 

1200 OOCAGO GU COGAOGAGGCCGAAAGGCCGAA AADCGGAO 

1201 v.v. U*«d3A COGADGAGGCCGAAAGGCCGAA AAGCCCAA 
1203 GAC CC GOG COGAOGAGGCCGAAAGGCCGAA AGAAGCCC 

1227 AGCACAOG COSAOGAGGCCGAAAGGCCGAA AGOOCCAA 

1228 ACGADCAC CDGAIXSAGGCCGAAAGGCCGAA AAGCCCGC 
1233 GCGACCAG COGADGAGGCCGAAAGGCCGAA ACCAGGAG 
1238 GAGGACC A CDGAOGAGGCCGAAAGGCCGAA ADAGCACA 
1264 A CCCGOAO COGADGAGGCCGAAAGGCCGAA ACCOOOCC 
1267 CADOCDOG COGADGAGGCCGAAAGGCCGAA ACAGCGAC 

1294 CDSA CACA CDGAOGAGGCCGAAAGGCCGAA AAOCCCOG 

1295 OCDGCOGA COGADGAGGCCGAAAGGCCGAA ACCCCOCO 
1306 GCADGOA A COGADGAGGCCGAAAGGCCGAA AGCCDGCO 
1321 U UjUJUCA COGADGAGGCCGAAAGGCCGAA ACOCOGOO 
1334 GCUCOGGG CO G A DGAGGCCGAAAGGCCGAA ACGAADAC 
1344 GGADAC CO COGADGAGGCCGAAAGGCCGAA AGCACCGA 
13S1 AG OCCUCU COGADGAGGCCGAAAGGCCGAA AGGCCOGA 
1353 CCADCGOO COSAOGAGGCCGAAAGGCCGAA AGCOGCCA 
™ CCDSOUUi COSAOGAGGCCGAAAGGCCGAA AGDACCCO 
1367 GCCOGGGG COSADGAGGCCGAAAGGCCGAA AAGOACCC 
1363 GGCAGC G G COG A DGAGGCCGAAAGGCCGAA ACACCAOC 
1380 ACCAOCCC COGADGAGGCCGAAAGGCCGAA ADAGGCAG 
1388 CAOC CASO COG A DGAGGCCGAAAGGCCGAA AGOCOCCA 
1398 U UHJOJUU COGADGAGGCCGAAAGGCCGAA ACAGCCAG 
1402 CAGOOCOC COGADGAGGCCGAAAGGCCGAA AAGCACAG 
1408 GACGCCAC COGADGAGGCCGAAAGGCCGAA AOCACGAA 
1410 GOCCACOC COGADGAGGCCGAAAGGCCGAA AOAGOOCG 
1421 GCCOGGGG CDGAOGAGGCCGAAAGGCCGAA AAGOACCC 
1425 AGCCAGAG COGADGAGGCCGAAAGGCCGAA AGGCGGGO 
1429 CCCGAGGC COGADGAGGCCGAAAGGCCGAA ACAAGDAO 
1444 » CCCCUCCO COGADGAGGCCGAAAGGCCGAA AGCCOOCO 
1433 UCCCUGGU COGADGAGGCCGAAAGGCCGAA ADACOCCC 
1482 CCOGGGGG COGADGAGGCCGAAAGGCCGAA AGDACCCO 
1484 GCAAGAGG COGADGAGGCCGAAAGGCCGAA AGAGCAGU 
-493 OAGUCOCC COGADGAGGCCGAAAGGCCGAA ACCCCAGG 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



209 



PCT/EB95/00156 



1500 

1503 

1506 

1509 

1518 

1530 

1533 

1551 

1559 

1563 

1565 

1567 

1584 

1592 

1599 

1651 

1661 

1663 

1678 

1680 

1681 

1684 

1690 

1691 

1696 

1698 

1737 

1750 

1756 

1787 

1790 

1793 

1797 

1802 

1812 

1813 

1825 

1837 

1845 

1856 

1861 

1865 

1868 

1877 

1901 

1912 

1922 

1923 

1928 



00 GACCA O CUGADGAGGCCGAAAGGCCGAA ADOOCACG 
GOGGOOGG COGADGAGGCCGAAAGGCCGAA ACADODOC 
CCAACAAD COGADGAGGCCGAAAGGCCGAA ADGACCCA 
UACACAGO COGADGAGGCCGAAAGGCCGAA AGGGOGGC 
ACAACGGC CDGADGAGGCCGAAAGGCCGAA ACCAGGAC 
A CAADOA O COGADGAGGCCGAAAGGCCGAA ACCCAGGO 
AAGCCOGC COGADGAGGCCGAAAGGCCGAA ADSADCAG 
OACGAGCA COGADGAGGCCGAAAGGCCGAA AGGGCCAC 
DAAACAGG COGADGAGGCCGAAAGGCCGAA ACOOCCCA 
OGGGAAC A COGADGAGGCCGAAAGGCCGAA AGGDAGGA 
GGCGGOAA COGAOGAGGCCGAAAGGCCGAA AGGOG D AA 
CD3GCGGU CDGADGAGGCCGAAAGGCCGAA ADAGGOGO 
OAOAOCCO COGADGAGGCCGAAAGGCCGAA A DC UU C CU 
CaAACOOG COGADGAGGCCGAAAGGCCGAA ADAOCCOG 
w-wuuw o COGADGAGGCCGAAAGGCCGAA AACOOGOA 
GGCOCAGG COGADGAGGCCGAAAGGCCGAA AGGCGGGG 
ACC AGG G C COGADGAGGCCGAAAGGCCGAA AAGOSCAG 
OGOCCADU CDGADGAGGCCGAAAGGCCGAA AOCOGOOC 
CCCAGGCC COGAOGAGGCaSAAAGGCCGAA A OGUUCUC 
GACCOGOG COGAaSAGGCCGAAAGGCCGAA AGAAGCCC 
SaOGCAGG COGADSAGGCCGAAAGGCCGAA AACAGGCC 
GAGAGGOC COGAOGAGGCCGAAAGGCCGAA AGGAGCAG 
AAOGOAOG COGADSAGGCCGAAAGGCCGAA AGGOGGGG 
GAAGAOCG COGADSAGGCCGAAAGGCCGAA AAGDCCGG 
GOGACCAG COGAOGAGGCCGAAAGGCCGAA ACCAGGAC 
OOJCCAGG COGADSAGGCCGAAAGGCCGAA AOAOCOGA 
GCACCGOG COGADGAGGCCGAAAGGCCGAA ADGOGAOC 
AADAGGOG COGAOGAGGCCGAAAGGCCGAA AAADGGAC 
AGGACCAG COGADSAGGCCGAAAGGCCGAA AGCAGAGG 
CCCAGGCC CDGADGAGGCCGAAAGGCCGAA AGGCOCOC 
GAUJlkUi CDGADGAGGCCGAAAGGCCGAA ACAGDGOC 
GOCCAGGO CDGADGAGGCCGAAAGGCCGAA AGGACCAD 
OGGOOOOO COGAD3AGGCCGAAAGGCCGAA AACAGGGA 
PCCAG GOA CDGADGAGGCCGAAAGGCCGAA ADCOGAGC 
UUUXXXA COGADSAGGCCGAAAGGCCGAA ACOCOSOU 
ACGAOCAC CDGAD3AGGCCGAAAGGCCGAA AAGCCCGC 
^QQfig CDGADGAGGCCGAAAGGCCGAA ADGGOGGC 
GACCCOGO COGADSAGGCCGAAAGGCCGAA AGGOGGGO 
GCCCOJCg C03AD3AGGCCGAAAGGCCGAA AGOCCOCO 
GCAGGOCA COGADGAGGCCGAAAGGCCGAA ADOAGGGG 
OSACCAPA COGADSAGGCCGAAAGGCCGAA AGCACAOG 
C0O3OS0C COGADSAGGCCGAAAGGCCGAA ACCGGADA 
AOOOAO AP COGADSAGGCCGAAAGGCCGAA ACOCGOGA 
CCOGGGGG COGADSAGGCCGAAAGGCCGAA AGOACOGO 
050ACCCO COGADGAGGCCGAAAGGCCGAA AGODUUAG 
OG0CCAOO COGADSAGGCCGAAAGGCCGAA AUCOGODC 
VMX&MJ COGADGAGGCCGAAAGGCCGAA ACODACAU 
COAAAGGO COTADGAGGCCGAAAGGCCGAA AGCGOCCA 
DCCAGGOA COGADGAGGCCGAAAGGCCGAA ADCOGAGC 
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1930 CADCCAGU CUGADGAGGCCGAAAGGOCGAA AGUCUCCA 

1964 GCUGACAC CUGAUGAGGCCGAAAGGCCGAA AAAUCUCU 

1983 CC CAGG CC CUGADGA GG CG GA AAGGCCGAA AGGUUCUC 

1996 AGCUOSAA COTAGGAGGCCGAAAGGCCGAA AGCUUCCA 

2005 UAGGCAAU CUGADGAGGCCGAAAGGCCGAA ACUOACA0 

2013 CAUCCCGA CUGAIX3AGGCCGAAAGGOGGAA, AGGCAGCG 

2015 ACCADCCC CUGAUGAGGCCGAAAGGCCGAA AUAGGCAG 

2020 GOACAGGG CUGADGAGGCCGAAAGGCCGAA ACUCAADA 

2039 UCGUUCT3U OX»IX»GGCCGAAAGGCCGAA ADCCUCCG 

2040 ACCOCCAG COGADGAGGCCGAAAGGCCGAA ACGUCAGG 
2057 AGCCADOG CUGADGAGGCCGAAAGGCCGAA AGGACCAG 
2061 UAGG33UA CGGADGAGGCCGAAAGGCCGAA AUGGACGC 
2071 CCOGAGGC CUGAUGAGGCCGAAAGGCCGAA ACAAGOAU 
2076 UUAGGCCU CUGAUGAGGCCGAAAGGCCGAA AGGCUACA 

2097 ACAOTVAC CGGAD3AGGCO3AAAGGC0GAA AGAGUUGG 

2098 ACCO0CAG OTGADGAGGCO3AAAGGC0GAA AGGUCAGG 
2115 CAGGACCC OXSADGAGGCCGAAAGGCCGAA AGUC3GAA 
2128 GADCADGG CUGADGAGGCCGAAAGGCCGAA ACAGCACtJ 
2130 AGAGGCAG COGAUGAGGCCGAAAGGCCGAA AAACAGGC 
2145 ACADCAAC aJGADSAGGCCGAAAGGCCGAA AGAGUUGG 
2152 AAGUDSUA CUGADGAGGCCGAAAGGCCGAA ADUCUCAA 
2156 UCAADAAA CUGADGAGGCTT5AAAGQCCGAA AACUGUCA 

2158 AADOAADA CDGADGAGGCCGAAAGGOOGAA ADACADCA 

2159 GAADOAAD COGADGAGGCCGAAAGGCCGAA AADACADC 
2160. DGAADOAA CDGATOAGGCCGAAAGGCCGAA AAAUACAU 

2162 AACAAAGG CTCAIX3AGGCCGAAAGGCCGAA AGGAADOT 

2163 CUCOGAAD COGADGAGGCCGAAAGGCCGAA AAUAAAUA 

2166 AADOAADA CDGADGAGGCCGAAAGGOOGAA ADACADCA 

2167 GAADOAAD CDGADGAGGCCGAAAGGOOGAA AADACADC 

2170 DCUGAADO OT5A03AGGCCGAAAGGCCGAA ADAAAUAC 

2171 UACUGAAD CDGADGAGGCCGAAAGGOOGAA AAEAACUG 

2173 GAGGACCA CDSADGAGGCOGAAAGGCCGAA ADAGCACA 

2174 AGCAGGGG CDGAD3AGGCCGAAAGGCCGAA AAUAGAGA 

2175 DGACOCGU CUGAD3AGGCCGAAAGG00GAA AAAGAAAD 

2176 GOGGOOGG OXADGAGGCCGAAAG3XGAA ACADUUUC 
2183 UCAADAAA CDGADGAGGCCGAAAGGOOGAA AACUGUCA 

2185 ACUCAADA CUGATOAGGCCGAAAGGCCGAA ADAACUGU 

2186 OACUCAAU CUGADGAGGCCGAAAGGCCGAA AADAACUG 

2187 GOACDCAA CDSADGAGGCOGAAAGGCCGAA AAADAACU 
2189 GGGOACOC CDGADGAGGCCGAAAGGOOGAA ADAAADAA 
2196 CAADAAAU CDGADGAGGCOGAAAGGOOGAA ACUGUCAG 

2198 OGAC CDCC; CD3ADGAGGCCGAAAGGCCGAA AGACADUC 

2199 CDSGCADG COGADGAGGCCGAAAGGCCGAA AAGAGUCU 

2200 GCCUGGGG CUGAUGAGGCCGAAAGGCCGAA AAGCACOC 

2201 GACCUGUG CUGAUGAGGCCGAAAGGCCGAA AGAAGCCC 
2205 CAGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACACAAAA 
2210 CAUCCAGO CUGAUGAGGCCGAAAGGCCGAA AGOCUCCA 
2220 CCCAGGCC CUGAUGAGGCCGAAAGGCCGAA AGGUUCUC 
2224 AAGGUAGG CUGAUGAGGCCGAAAGGCCGAA AUGUAUGU 
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2226 

2233 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 

2451 

2452 

2455 

2459 

2460 

2479 

2480 

2483 

2484 

2492 



O3O3GCC0 COGAOGAGGCCGAAAGGCCGAA AGGUCCAG 
AGOOCOOT COGAOGAGGCCGAAAGGCCGAA AAGCAOGA 
ACOACOGA COGADGAGGCCGAAAGGCCGAA AGCOGUGU 
GCGACCAG COGAOGAGGCCGAAAGGCCGAA ACCAGGAG 
ODCAGDGU COGADGAGGCCGAAAGGCCGAA AADOGGAO' 
GCACCGOT COGADGAGGCCGAAAGGCCGAA ACGCGADC 
A GCACCGO COGAOGAGGCCGAAAGGCCGAA AAUGOGAU 
AACOOGOA COGAOGAGGCCGAAAGGCCGAA ACCCCGAO 
OACADGUU COGAOGAGGCCGAAAGGCCGAA ACCCGCUC 
ACCCGOAO COGAOGAGGCCGAAAGGCCGAA ADCCOCCC 
ACOCAADA COGADGAGGCCGAAAGGCCGAA AOAACOGU 
CAOOGGAG COGAOGAGGCCGAAAGGCCGAA ACCAGGGC 
SOAACOO G COGAOGAGGCCGAAAGGCCGAA AOAOCCUG 
ACCCUJA O COGADGAGGCCGAAAGGCOGAA ACCUCUCC 
COXSX3GA COGADGAGGCCGAAAGGCCGAA AAGCCCAA 
GCCOGGGG COGADGAGGCCGAAAGGCCGAA AAGOACCC 
OGAGCACC COGADGAGGCCGAAAGGCCGAA ACAGGCCC 
GAGAGG OC COGAOGAGGCCGAAAGGCCGAA ACGAGCAG 
OBTOGAG COGADGAGGCCGAAAGGCCGAA AGGCAGGG 
D0COGOGG COGAOGAGGCCGAAAGGCCGAA AOGGACGG 
COOCCAGG COGAOGAGGCCGAAAGGCCGAA AACACAAG 
AAGAG6AA CDGADGAGGCCGAAAGGCCGAA AGCAGDDC 
qAAOAGAG CDGADGAGGCCGAAAGGCCGAA AGGAAGDC 
DOGOGAAA CDG A DGAGGCCGAAAGGCCGAA AAAUCAGC 
CGCAAGAG CDGADGAGGCCGAAAGGCCGAA AAGAGCAG 
ACCCCOGA CDGADGAGGCCGAAAGGCCGAA AGAAADCA 
PSACOCGU COGADGAGGCCGAAAGGCCGAA AAAGAAAD 
COOGOGOC COGADGAGGCCGAAAGGCCGAA ACCGGADA 
wUwjtfA CDGADGAGGCCGAAAGGCCGAA AGDADDDA 
GAGGACCA CDGADGAGGCCGAAAGGCCGAA ADAGCACA 
tXSAAGCAU CDGADGAGGCCGAAAGGCCGAA AGAAADDG 
AACOOGOA CDGADGAGGCCGAAAGGCCGAA AOCCOGA0 
AGODCDOT CDGADGAGGCCGAAAGGCCGAA AAGCAOGA 
GAAC i PCOG COGADGAGGCCGAAAGGCCGAA ADDAADAA 
DAGOCDCC CDGADGAGGCCGAAAGGCCGAA ACCCCAGG 
AACOGOCA CDGADGAGGCCGAAAGGCCGAA AACDCDGA 
COGADGAGGCCGAAAGGCCGAA ACCCOCCG 
G5SG3AAG CDGADGAGGCCGAAAGGCCGAA ACCGOOCA 
CGAGGCAG COGADGAGGCCGAAAGGCCGAA AAGGCOOC 
GAGGCAGG COGADGAGGCCGAAAGGCCGAA AACAGGCC 
AGAGGCAG COGADGAGGCCGAAAGGCCGAA AAACAGGC 
AACAAAGG COGAUGAGGCCGAAAGGCCGAA AGGAACGU 
U30GGGAG COGAOGAGGCCGAAAGGCCGAA AGGCAGGG 
UOGGGAAC COGADGAGGCCGAAAGGCCGAA AAGGDAGG 
GGCGGDAA CDGADGAGGCCGAAAGGCCGAA AGGCGUAA 
GGGAOCAC CDGADGAGGCCGAAAGGCCGAA ACGGCGAC 
ACADOGGG COGADGAGGCCGAAAGGCCGAA ACAAAGGU 
GACADOGG CDGADGAGGCCGAAAGGCCGAA AACAAAGG 
UAGGUGGG COGADGAGGCCGAAAGGCCGAA AGGCGGOC 
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2S04 0AG6AADG C0GADCRGGCCGAAAGGCO3AA AO3UAGG0 

,ert ° AAGGOAGG COGADGAGGCOGAAAGGCCGAA AUUiAUUU 



2S08 



2509 AAAGGOAG COGAOGAGGCOGAAAGGOCGAA AAOGOAOG 

2S20 AM ngGqs ^gaasGcaauuusGccsui aaaoggac 



ACAOOGGG COGADGAGGCCGAAAGGQGGAA ACAAAGGU 
2521 GA CADOGG COGAOGAGGCGGAAAGGQCGAA AACAAAGG 

2533 OGAGGGGO CCGAOGAGGCOGAAAGGOCGAA AAOGCOGO 

2540 GG AOACCO COGAOGAGGOOGAAAGGCOGAA ACCACCGA 

2545 AAAGOCCG COGADGAGGCCGAAAGGCOGAA AGOOGCCO 

2568 CO GACACA COGAOGAGGCCGAAAGGCCSAA AAOCOCOG 

2579 CCAG3GCA COGAOGAGGCCGAAAGGCCGAA AGOGCAGG 

2585 GAGAOGOC COGAOGAGGCGGAAAGGCQGAA ACGAGCAG 

2588 '**-uw«i COGAOGAGGCCGAAAGGCCGAA AGGAGGCA 

2591 CDDOGCAA COGAOGAGGCOGAAAGGOCGAA AGGAAGAG 

2593 AGCAGGOG COGAPGAGGOCGAAAGGCCGAA AAUAGAGA 

2596 GCGAOCAG COGAOGAGGOCGAAAGGCOGAA ACCAGGAG 

2601 GAGGACCA COGAOGAGGCCGAAAGGCCGAA AOAGCACA 

2602 ACAACGG C COGADGAGGCOGAAAGGCCGAA ACCAGGAC 

2607 CLlA^ UiA COGAOGAGGCCGAAAGGCCGAA ACOCCCAC 

2608 OCCCACGG COGAOGAGGOCGAAAGGCOGAA AGCOAAAG 

2609 C AOCCAOO COGAOGAGGCCGAAAGGCCGAA AGOCOCCA 
2620 AACOGOCA CD8AO3AGGC0GAAAG3CCGAA AACOCOGA 
2626 AGCAGCAC OOG A OG A G G CC ra AAtWCC G AA AC0GAGAG 
2628 GGAaOfaA CO gAOGAGGOOGAAAGGCOGAA AAGOOGUA 
2635 GOGAAOOO COSADGAGGCOGAAAGGCOGAA AULUUC A 

2640 OGGAOGGA COGAOGAGGOCGAAAGGCOGAA ACCDGAGC 

2641 AA0G0AO5 COGAOGAGGOOGAAAGGCOGAA AGGOGGGG 

2642 AGAGGCAG C0GA0SAGGC0GAAAGGCO3AA AAACAGGC 
26s3 AGCACCCO COGAOGAGGOCGAAAGGCOGAA ACCDGOGG 
2659 qCOOGCA G C0GA0GAGGCCGAAAGGCO3AA ACCCOOCO 
2689 fc»wjifi COGAOGAGGOOGAAAGGCOGAA ACCCOAGU 
2691 AGOCCDCD COGAOGAGGOOGAAAGGCOGAA AGGCCOGA 
2700 C CUUUUiU COGAOGAGGOCGAAAGGCOGAA AGQACCOJ 
2704 DAGGOGGG COGACGAGGCOGAAAGGCCGAA AGGOGGOC 

2711 AOCOpCCO COGAOGAGGOOGAAAGGCOGAA AGGOAGGG 

2712 CACCUAr COGAOGAGGCCGAAAGGCCGAA AAGGOAGG 
2721 ACCCG ° An . COGAOGAGGOCGAAAGGCOGAA ADCOOOCC 
2724 CAAAOCOG COGAOGAGGCCGAAAGGCCGAA AOGAOCOO 
2744 OCUUCACG COGAOGAGGOCGAAAGGCOGAA ADCCACOC 
2750 wau uuuu a COGAOGAGGOOGAAAGGCOGAA ACAGGGAC 
2759 CCACOOGA COGAOGAGGCOGAAAGGOCGAA AGOOCGOC 
2761 GGAAGAOC COGAOGAGGOCGAAAGGOOGAA AAAGOCCG 
£5 AGGCC ^ C0GADGAO3CCGAAAGGCCGAA AGCAAAAG 

- GCAGGGGa COGAOGAGGOCGAAAGGCOGAA ADAGAGAA 

2797 OPGACCAD COGAOGAGGCCGAAAGGCCGAA ADOOCACG 

2803 GQQCUUUS COGAOGAGGCOGAAAGGOCGAA AGCAOGAG 

2804 AGOOCOGU COGAOGAGGCOGAAAGGOCGAA AAGCAOGA 
28-3 AGGGOCAG COGAOGAGGCCGAAAGGCCGAA AOGGGAGC 
281a GGAAGAOC COGAOGAGGCCGAAAGGCCGAA AAAGOCCG 
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2821 ACCUCCAG OJGADGtftfSGCCGAAAGGCCGAA AGGCCAGG 

2822 GGAGCUGA CUGADGAGGCCGAAAGGCCGAA AAGUUGUA 

2823 UGGGAGCU CUGADGAGGCCGAAAGGCCGAA AAAAGUUG 
2829 GGAUACCU CUGADGAGGCCGAAAGGCCGAA AGCACCGA 
2837 GGGGGAAG CUGADGAGGCCGAAAGGCCGAA ACCCUGUG 
2840 UGCGCUGG CUGADGAGGCCGAAAGGCCGAA AG GG GUGC 
2847 AGGCGGGU CUGADGAGGCCGAAAGGCCGAA AGGGGQAA 
2853 CUAGDCGG CUGADGAGGCCGAAAGGCCGAA AGADCGAA 
2860 UDCCAGGG CUGADGAGGCCGAAAGGCCGAA ACACAAGA 
2872 UGAGCACC CUGADGAGGCCGAAAGGCCGAA ACAGGCCC 
2877 GGUGCCGG OJ3ADGAGGCCGAAAGGCCGAA AGACUCCA 

2899 AAAGUCCG CUGADGAGGCCGAAAGGCCGAA AGCUGCCO 

2900 AGAGAAGG CUGADGAGGCCGAAAGGCCGAA AGUCAGCC 

2904 AAGAGGAA CUGADGAGGCCGAAAGGCCGAA AGCAGUUC 

2905 AGAGAAGG CUGAD3AGGCCGAAAGGCCGAA AGUCAGCC 

2906 UUAADAAA CUGADGA GGC C G AAAGGCCGAA ACADCAAC 

2907 CGCAAGAG CUGADGAGGCCGAAAGGCCGAA AAGAGCAG 

2908 AADUAAEA CUGADGAGGCCGAAAGGCCGAA ADACADCA 

2909 AAGAGGAA CUGADGAGGCCGAAAGGCCGAA AGCAGOUC 

2910 GUAAQAGA CUGADGAGGCCGAAAGGCCGAA AAGGAAGU 

2911 GGGOAADA CUGADGAGGCCGAAAGGCCGAA AGAAGGAA 

2912 UGAADUAA CUGADGAGGCCGAAAGGCCGAA AAADACAD 

2913 CUGGGAAC CUGADGAGGCCGAAAGGCCGAA AADACACA 

2914 UCUGAADD CUGADGAGGCCGAAAGGCCGAA ADAAADAC 

2915 CUCCGAAtJ CUGADGAGGCCGAAAGGCCGAA AADAAADA 

2916 CUUCGCAA CUGADGAGGCCGAAAGGCCGAA AGGAAGAG 

2917 GUCUUCGC CUGADGAG GC CGAAAGGCCGAA AGAGGAAG 
2913 UGACUCGU CUGADGAGGCCGAAAGGCCGAA AAAGAAAU 
2919 CAGCGGCU CUGADGAGGCCGAAAGGCCGAA AGACAAAA 
2931 GGCAGCGG CUGADGAGGCCGAAAGGCCGAA ACACCADC 
2933 GGDSCUQG CUGADGAGGCCGAAAGGCCGAA AGSCUCCA 
2941 GCCUGGGG CUGADGAGGCCGAAAGGCCGAA AAGUACUG 

2951 GUCAGAGG CUGADGAGGCCGAAAGGCCGAA AGC AD GGU 

2952 GAA GADCG CUGADGAGGCCGAAAGGCCGAA AAG0CCGG 

2955 CCADGUCA CUGADGAGGCCGAAAGGCCGAA AGGAAGCA 

2956 ADUGADDC CUGADGAGGCCGAAAGGCCGAA AAGGAAAG. 

2961 CAGUGGCD CUGADGAGGCCGAAAGGCCGAA ACACAAAA 

2962 CD3GGAAC CUGADGAGGCCGAAAGGCCGAA AADACACA 

2965 Aluuuauu CUGADGAGGCCGAAAGGCCGAA ADUCAAAG 

2966 AGCUDGAA CUGADGAGGCCGAAAGGCCGAA AGCUUCCA 
2969 UAAAACUD CUGADGAGGCCGAAAGGCCGAA ADUGADDC 

2975 AGCUDGAA CUGADGAGGCCGAAAGGCCGAA AGCUUCCA 

2976 CAGGUGAG CUGADGAGGCCGAAAGGCCGAA ACCADADA 

2977 UCAGCUUG CUGADGAGGCCGAAAGGCCGAA AGAGCUUC 
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Table 11: Human IL-o HH Target Sequence 



at. 
Position 

8 
9 

10 

12 

13 

36 

37 

38 

56 

57 

63 

64 

69 

70 

74 

78 

80 

91 

97 
104 
116 
117 
130 
145 
155 
156 
157 
159 
162 
165 
171 
179 
192 
200 
201 
206 

207 " 
212 
216 
222 



HH T&r?« t Sequft&c • 



ADGCACU 
CXjC A CUU 
GCACUUU 
A OIUUCU 

cuuucuu 

AGAAC@J 
GAACSol; 

GGADGCU 
GAUGCUU 
UCUUCAU 
CTOCAUU 
UUUGAGU 
UTOAGDU 
GU0O3CU 
GCUAGCU 
UAGCUCU 
GCUGCCU 
UAOGTOU 
ATOCCAU 
CA6AAAD 
AGAAADU 
AGCX3CA0 
GAGACCU 
CACTOOT 
ACOGCUU 
CUGCUUU 
GCUUUCU 
ULCUACU 
UACUCAU 
UCGAACa 
UUCUGA0 
OSAGACU 
OGAGGAU 
GAGGADU 
UUCCOGU 
UCCUGUU 
UUCCWU 
UGUACAU 
UAAAAAU 



OCDDQGC 
CUUUGCC 
UUUGCCA 
UGCCAAA 
GCCAAAG 
UCAGAGC 
CAGAGCC 
AGAGCCA 
C0GCADU 
UGCAUUU 
U3AGUUU 
U GAGUUUG 
U U3CUAGC 
U GCQAGD7. 
A GCOCDCG 
C 

u 

A 
A 
C 

u 
c 
u 



UDSGAGC 
GGAGCTO 
CGUGUAU 
UGCCADC 
C CC ACAO 
CCCACAA 
CCACAAG 
GGCXSAAA 
17 GGC ACU G 
XT OCDACOC 
U CUACOCA 
C UACUCAU 
A COCADCG 
C ATOGAAC 
C GAACOCU 
C TOCUGAU 
A GOCAADG 
C USAGGAD 
U CC UWUC 

c cu u uu cc 

U CCQSUAC 
C CUGUACA 
A CAUAAAA 
A AAAAUCA 
C ACCAACU 



at. 
Position 

245 

247 

248 

249 

257 

273 

291 

305 

307 

308 

316 

319 

322 

323 

326 

334 

338 

380 

388 

389 

392 

397 

409 

410 

411 

413 

419 

437 

440 

447 

454 

462 

463 

466 

479 

480 

481 

497 

498 

499 



KH Target S«<ju«ce 



AAGAAAU C 
GAAADCU U 
AAAUCUU U 
AADCUUU C 
AGCGAAU A 
GGAGAGU C 
AGCCGGU A 
AAAGAQ7 A 
AGACUAU U 
GAUUAUU C 
AAAAACU U 
AACUUGU C 
UCGUCCU U 
K j UCCUU A 
CCUOAAD A 
AAGAAAU A 
AAUACAU U 
GGAGAGU A 
AACCAAU U 
ACCAAUU C 
AAUOCCU A 
CUAGACU A 
CAAGAGU U 
AAGAGUU U 
AGAGUUU C 
AGUUUCU O 
O U UiUGU A 
AGUGGAU A 
GGAUAAU A 
AGAAAGU U 
UGAGACU A 
AACCGGU U 
ACOTGUU a 
GGUUUGU U 
CAAAGAU O 
AAAGAUU U 
AAGAUUU U 
AGGACAU U 
GGACADD U 
GACAUUU U 



UUUCAGG 
UCAGGGA 
CAGGGAA 
AGGGAAU 
GGCACAC 
AAACCGU 
CUGUGGA 
UUCAAAA 
CAAAAAC 
AAAAACU 
GUCCUUA 
CUUAADA 
AAOAAAG 
AUAAAGA 
AAGAAAU 
CAUUGAC 
GACGGCC 
AACCAAU 
CCUAGAC 
CUAGACU 
GACUACC 
CCUGCAA 
UCUUGGU 
CUUGGUG 
UUGGUGU 
GGUGUAA 
AUGAACA 
AUAGAAA 
GAAAGUU 
GAGACUA 
AACUGGU 
UGUUGCA 
GUUGCAG 
GCAGCCA 
CUGGAGG 
UGGAGGA 
GGAGGAG 
tfJACUGC 
UACUGCA 
ACUGCAG 
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500 ACAOUOU A COGCAGCJ 664 

531 AAAGAGQ C AGGOC UJ 685 

538 CAGGCOJ V AAUUUUC 686 

539 AGGCCOU A AUUUUCA 688 

542 CCUUAAU a OOCAADA 689 

543 CUUAADU U OCAAOMJ 691 

544 UUAADUU a CAAEADA 692 

545 UAADUOU C AADAEAA 693 
549 OUDCAAU A UAATOUA 697 
551 CJCAADAO A ATOUAAC 698 

554 AUAOAAa U UMCDDC 703 

555 HAIJAADU U AACGOGA 704 

556 AUAASDQ A ACOOCAG 708 

560 UOUAACQ U GAGAGGG 715 

561 UOAACUU C AGAGGGA 719 
573 GGAAAGU A AADADDU 720 
577 AOTAAAU A OOOCAOG 724 

579 UAAAnAU U UOOOCA 725 

580 AAAQADU TJ CAOOCAO 728 

581 AADADUU C AGGGADA 731 
588 CAGGCAU A COGACAC 733 

597 EGACAOJ a OGCCAGA 734 

598 GACACUU U GCCAGAA 735 
611 AAAGCWJ A AAADDQJ- 745 

616 X0AAAAX7 a COQAAAA 746 

617 UAAAADU C UUAAAAU 752 

619 AAADDQ7 U AAAAEtAU 753 

620 AADUCUU A AAADADA 757 
625 OOAAAAn A Q AUUUCA 761 
627 AAAAE3AU A UUUCAGA 762 

629 AAEAEA0 a OCAGADA 765 

630 AEADADU U CAGAOA0 767 

631 UAEWJCU C AGADADC 768 
636 OOCAGA0 A OCAGAAD 759 
638 CAGADAD C AGAADGA 771 
644 OCAGAAU C AOTGAAG 772 
647 GAADCAU O GAAGGA0 773 
653 UOGAAGQ A UUUUUCU 778 

655 GAAGUAU U UOLXMX 779 

656 AAGOAOT U OOC U U CA 783 

657 AUJAUUU U CC0OCAG 788 

658 OTADUUU C COCCAGG 789 
661 UDOTCCa C CAGGCAA 791 
672 GCAAAAU a GADAIIAC 794 
676 AADOGAU A OACDUUU 805 
678 UUGADAQ A OJUUUUU 

581 - ADADACU a UUUUOJU 

682 QAOACOU U UUDCDOA 



UACUOUU 

ACUDUUU 

CUUUUUU 

UUUUUCU 

UUUUCUU 

UULUUAD 

OCUUADU 

CUUADUU 

CUOAACa 

UUAACOD 

OUAACAU 

QAACACJ0 

ADOCOGU 

AAAADSa 

UUJUJGU 



U OCUUACJU 
CUDADUU 

C UUADDDA 
AUUUAAC 
OUOAACU 
UAACOUA 
AACUUAA 
ACOUAAC 
AACAOTC 
ACABOOJ 
CUGUAAA 
CGUAAAA 
AAADGCC 
UwuaAC 
AACOUAA 



GCCU3UU A ACDDAAtJ 
GUnAACU U AADAOTA 
UOAACUU A AQAGQAI7 
ACUOAAU A GUAUUU A 
UAAUAGU A UUUAUGA 
AUAGOAa U UADGAAA 
UAGUADU a ADGAAAU 
AGUAUUU A UGAAADG 
AAAD3GU a AAQAADU 
AADGGDU A AGAADUU 
UAAGAA0 a UGGOAAA 
AAGAADU D GGUAAAU 
ADUTOGU A AADUAGU 
GGUAAAU a AOTADUU 
GUAAADU A UJAUUUA 
AAUUAGU A DDUADUU 
UUAGOAU a UADUUAA 

uaguadu a aduuaau 

AGOADUU A UUUAADG 
UAUUUAU a UAADGUU 



AUUUAUU 

UUUAUUU 

UUAADGU 

UAADGUU 

GUUAUGU 

GOUGUGU 

UUUJUUU 

GUGUUCU 

UUCUAAU A 

CAAAAAU A 



AADSUUA 
ADGUUAU 
ADGUDGU 
UUJUUUU 
UJUJUCU 
CUAADAA 
UAADAAA 
AUAAAAC 
AAACAAA 
GACAACa 
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Table 12: Human IL-5 HH Ribozyme Sequences 



at. EH Ribozym* S«qu«ac« 
Position 

8 GCAAAGA C0GAD3AGGCC3AAAGGCCSAA AGCGCAD 

9 GGCAAAG COGADGAGGCCGAAAGGCCGAA AAGCGCA 

10 UGGCAAA OX3ADGAGGCC3AAAGGCCGAA AAAGCGC 

12 DDDGGCA COGADGAGGCCGAAAGGCCGAA AGAAAGU 

13 CUUUGGC COSAOTAGGCCGAAAGGCCGAA AAGAAAG 

36 GCUCDGA COGADGAGGCCGAAAGGCCGAA ACGOCCU 

37 GGC D OJG COGADGAGGCCGAAAGGCCGAA AACGOCC 

38 0GGC0CO OB3ADGAGGCCGAAAGGCCGAA AAAGGOU 

56 AADGCAG O*»0SAGGCCGAAAGGCCGAA AGCADCC 

57 AAATOCA CDGATCAGGCCGAAAGGCCGAA AAGCADC 

63 AAACUCA COGAD3AGGCOGAAAGGCOGAA ADGCAGA 

64 CAAACOC CUGAOTAGGCCGAAAGGCCGAA AACGCAG 

69 GCOAGCA COGADGAGGCCGAAAGGCCGAA ACDCAAA 

70 AGCUAGC COGADGAGGCCGAAAGGCCGAA AACUCAA 
74 CAAGAGC COGADGAGGCCGAAAGGCCGAA AGCAAAC 
78 GCCCCAA COGADGAGGCCGAAAGGCCGAA AGCUAGC 
30 CAGCOCC COGADGAGGCCGAAAGGCCGAA AGAGCOA 
91 ADACACG COGADGAGGCCGAAAGGCCGAA AGGCAGC 
97 GADGGCA COGADGAGGCCGAAAGGCCGAA ACACGOA 
104 COTDGGG COGADGAGGCCGAAAGGCCGAA ADGGCAD 
H6 OOGOGGG COGADGAGGCCGAAAGGCCGAA ADUUCCG 
117 COTODGG OXSADGAGGCCGAAAGGCCGAA AADCOCU 
130 UUUCACC COGADGAGGCCGAAAGGCCGAA ADGCACO 
145 CAGCX5CC CXX5AD5AGGCCGAAAGGCCGAA A G GOC UC 

155 GAGUAGA C03AD3AGGCCGAAAGGCGGAA AGCAGOG 

156 OGAGUAG C0GAO3AGGCGGAAAGGCCGAA AAGCAGU 

157 AEGAGUA COGADGAGGCCGAAAGGCCGAA AAAGCAG 
159 CGADGAG COGADGAGGCCGAAAGGCCGAA AGAAAGC 
162 GUDCGAD C 0 5AOGAGGCCGAAAGGCCGAA AGUAGAA 
165 AGAGOUC COGADGAGGCCGAAAGGCCGAA ADGAGOA 
171 ADCAGCA COGADGAGGCCGAAAGGCCGAA AGCOCGA 
179 CADTOGC COGADGAGGCCGAAAGGCCGAA ADCAGCA 
192 ADCCUCA COGADGAGGCCGAAAGGCCGAA AGDCDCA 

200 GAACAGG CTOADGAGGCCGAAAGGCCGAA ADCCDCA 

201 GGAACAG COGADGAGGCCGAAAGGCCGAA AADCCDC 

206 GQACAGG C03AD3AGGCCGAAAGGCCGAA ACAGGAA 

207 OGOAC AG COGADGAGGCCGAAAGGCCGAA AACAGGA 
212- DDDUADG COGADGAGGCCGAAAGGCCGAA ACAGGAA 
216 DGADDDD COGADGAGGCCGAAAGGCCGAA ADGUACA 
222 AGOTOGD COGAD3AGGCCGAAAGGCCGAA ADUUUUA 
245 CCDGAAA COGADGAGGCCGAAAGGCCGAA ADDDCUU 
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247 UCCCOGA COGADGAGGCCGAAAGGCCGAA AGADUUC 

248 UUCCCOG CUiAttiAGGCCGAAAGGCCGAA AAGADUU 

249 AOTCCOJ COGADGAGGCCGAAAGGCCGAA AAAGADU 
257 GOGOGCC COGADGAGGCCGAAAGGCCGAA ADOCCCU 
273 ACAGOUU COGADGAGGCCGAAAGGCCGAA ACUCUCC 
291 UCCACAG COGADGAGGCCGAAAGGCCGAA ACCCCCU 
305 UUUUGAA COGADGAGGCCGAAAGGCCGAA AGUCUTJU 

307 GUUUUUG CTGAOSAGGCCGAAAGGCCGAA AUAGUCU 

308 AGUUUUU COGADGAGGCCGAAAGGCCGAA AADAGUC 
316 UAAGGAC COGADGAGGCCGAAAGGCCGAA AGUCUUU 
319 OADUAAG COGADGAG GC C G AAAGGCCGAA ACAAGUU 

322 CUUUADU COGADGAGGCCGAAAGGCCGAA AGGACAA 

323 UUJUUAU COGADGAGGCCGAAAGGCCGAA AAGGACA 
326 AUUUCUU COGADGAGGCCGAAAGGCCGAA ADUAAGG 
334 GOCAADG COGADGAGGCCGAAAGGCCGAA ADOUCUU 
338 GGCCGOC COGADGAGGCCGAAAGGCCGAA AOGUAUU 
380 ADOGGOU OX»DGAGGOCGAAAGGCCGAA ACOCOCC 

388 GOCUAGG COGADGAGGCCGAAAGGCCGAA ADOGGUU 

389 AGOCOAG COGADGAGGCCGAAAGGCCGAA AADUGGU 
392 GGUAGUC COGADGAGGCCGAAAGGCCGAA AGGAADU 
397 UOGCAGG COGADGAGGCCGAAAGGCCGAA AGUCUAG 

409 ACCAAGA COGADGAGGCCGAAAGGCCGAA ACUCUUG 

410 CACCAAG COGADGMGCCGAAAGGCXGAA AACOCUU 
4H ACACCAA COGADGAGGCCGAAAGGCCGAA AAACOCU 
413 OUACACC COGADGAGGCCGAAAGGCCGAA AGAAACU 
419 UGOUCAD COGADGA GGC C GA AAGGCCGAA ACACCAA 

437 UOUCUAU COGADGAGGCCGAAAGGCCGAA ADCCAOJ 
440 AACOOOC COGADGAGGCCGAAAGGCCGAA ADUAUCC 
447 UAGOCOC COGADGAGGCCGAAAGGCCGAA ACUUDCU 
454 ' ACCAGOU OTGADGAGGOCGAAAGGCCGAA AGUCOCA 

462 OGCAACA COGADGAGGCCGAAAGGCCGAA ACCAGUU 

463 COGCAAC COGADGAGGCCGAAAGGCCGAA AACCAGU 
466 OGGCOSC COGADGAGGCCGAAAGGCCGAA ACAAACC 

479 CCOOCAA COGADGAGGCCGAAAGGCCGAA ADCUUOG 

480 UCCOCCA COGADGAGGCCGAAAGGCCGAA AADCUUU 

481 COOCOCC COGADGAGGCCGAAAGGCCGAA AAADCUU 
497 GCAGUAA COGADGAGGCCGAAAGGCCGAA ADGCCCU 

438 DGCAGOA COGADGAGGCCGAAAGGCCGAA AADGOCC 

499 COGCAGU COGADGAGGCCGAAAGGCCGAA AAADGOC 

500 ACDGCAG OTGADGAGGCCGAAAGGCCGAA AAAADGU 
531 AAGGCCU COGADGAGGCCGAAAGGCCGAA ACUCUUU 

538 GAAAADU CDGADGAGGCCGAAAGGCCGAA AGGCCOG 

539 OGAAAAD COGADGAGGCCGAAAGGCCGAA AAGGCCU 

542 UADOGAA COGADGAGGCCGAAAGGCCGAA ADUAAGG 

543 ADADUGA COGADGAGGCCGAAAGGCCGAA AADUAAG 

544 UADADUG COGADGAGGCCGAAAGGCCGAA AAAUUAA 
545~ UUADADU COGADGAGGCCGAAAGGCCGAA AAAAUUA 
549 OAAAUUA COGADGAGGCCGAAAGGCCGAA ADDGAAA 
551 GUUAAAD COGADGAGGCCGAAAGGCCGAA ADAUDGA 
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554 GAAGOUA CDGATOAGGCCGAAAGGCCGAA ADUAUAU 

555 DGAAGUU CDGATOAGGCCGAAAGGCCGAA AADUADA 
55 $ CTOAACT CDGATOAGGCCGAAAGGCCGAA AAADOAU 

560 CCCOCTO CDGATOAGGCCGAAAGGCCGAA AGOUAAA 

561 UOXUUU CTOATOAGGCCGAAAGGCCGAA AAGUDAA 
573 AAAP ADU CTOATOAGGCCGAAAGGCCGAA ACDDUCC 
5"7 CCTOAAA CTOATOAGGCCGAAAGGCCGAA ADUUACU 

579 DGCCUGA CDGATOAGGCCGAAAGGCCGAA ADADUUA 

580 ATOCCOT CTOATOAGGCCGAAAGGCCGAA AMADOU 

581 datocc p ctoatoaggccgaaaggccgaa aaaeadu 

588 GTOCX3G CTOATOAGGCCGAAAGGCCGAA AOGCCUG 

597 TCTOG CA CTOATOAGGCCGAAAGGCCGAA AGUGOCA 

598 UTOTOGC CTOATOAGGCCGAAAGGCCGAA AAGOGCC 
611 AGAAD UU CDGATOAGGCCGAAAGGCCGAA AD GCUUU 
616 UUUUAA G CDGATOAGGCCGAAAGGCCGAA ADUUUAU 

AUUUuaA CTOATOAGGCCGAAAGGCCGAA AAUUUUA 

619 ADBUTOOT CTOATOAGGCCGAAAGGCCGAA AGAADUU 

620 UADADUU CTOATOAGGCCGAAAGGCCGAA AAGAADU 
625 TOAAADA CTOATOAGGCCGAAAGGCCGAA ADUUUAA 
627 U CTOAAA CTOATOAGGCCGAAAGGCCGAA ADADUUU 
* 2S UA UCUift CTOATOAGGCCGAAAGGCCGAA AQADADU 

630 AUADCDG CDGATOAGGCCGAAAGGCCGAA AAUADAU 

631 QAnAPC a CTOATOAGGCCGAAAGGCCGAA AAADADA 
636 AD UuaA CTOATOAGGCCGAAAGGCCGAA ADCOGAA 
638 TOADUCU CTOATOAGGCCGAAAGGCCGAA AEADCDG 
644 CDOCAAU CTOATOAGGCCGAAAGGCCGAA ADDCDGA 
647 ADACOUC CTOATOAGGCCGAAAGGCCGAA ADGADUC 
653 AGGAAAA CTOATOAGGCCGAAAGGCCGAA ACDDCAA 

655 GGAGGAA CTOATOAGGCCGAAAGGCCGAA AEACDUC 

656 DGGAGGA CTOATOAGGCCGAAAGGCCGAA AADACUU 

657 CTOGAGG CTOATOAGGCCGAAAGGCCGAA AAAGACU 

658 CCTOGAG CTOATOAGGCCGAAAGGCCGAA AAAADAC 
661 UTOCCTO CTOATOAGGCCGAAAGGCCGAA AGGAAAA 
672 GUADADC CTOATOAGGCCGAAAGGCCGAA ADDUDGC 
676 AAAAGUA CTOATOAGGCCGAAAGGCCGAA ADCAADU 
678 AAAAAAG CTO A TO A GGC C GAAAGGCCGAA AOADCAA 

681 AAGAAAA CTOATOAGGCCGAAAGGCCGAA AGUADAD 

682 UAAGAAA C TO ATO A GGCCG AAA GG CC GAA AAGOADA 

683 AUAAGAA CTOATOAGGCCGAAAGGCCGAA AAAGUAU 

684 AAUAAGA CTOATOAGGCCGAAAGGCCGAA AAAAGUA 

685 AAADAAG CTOATOAGGCCGAAAGGCCGAA AAAAAGU 

686 UAAA DAA CTOATOAGGCCGAAAGGCCGAA AAAAAAG 

688 GUUAAAU CDGATOAGGCCGAAAGGCCGAA AGAAAAA 

689 AGODAAA CTOATOAGGCCGAAAGGCCGAA AAGAAAA 

691 UAAGUUA CTOATOAGGCCGAAAGGCCGAA AOAAGAA 

692 ~ UUAAGUU CDGATOAGGCCGAAAGGCCGAA AADAAGA 

693 GO UAAGU CTOATOAGGCCGAAAGGCCGAA AAADAAG 

697 GAATOUU CDGATOAGGCCGAAAGGCCGAA AGOUAAA 

698 AGAATOU CDGATOAGGCCGAAAGGCCGAA AAGDDAA 
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703 GOTACAG ClXSAtXSAGGCCGAAAGGCCGAA ADGOUAA 

704 OUUOACA CCT3AOGAGGCCGAAAGGCCGAA AADGOOA 
708 GACADUU CCGAOGAGGCCGAAAGGCCGAA ACAGAAU 
715 GOOAACA COGAQ3AGGCCGAAAGGCCGAA ACAUUOU 
713 OUAAGOT C0GAD3AGGCCGAAAGGCCGAA ACAGACA 
720 ADUAAGU COGAXX3AGGCCGAAAGGCCGAA AACAGAC 

724 UACOAOD (XGAD3AGGCCGAAAGGCCGAA AGOGAAC 

725 AnACOAO COGAOSAGGCCGAAAGGCCGAA AAGCOAA 
728 aAAAOAC COSAOSAGGCCGAAAGGCCGAA ADOAAGU 
731 OCAUAAA CCGAOSAGGCCGAAAGGCCGAA ACUADUA 

733 POOCAD A COTAOGAGGCCGAAAGGCCGAA ADACOACT 

734 ACCOCAU CCGADGAGGCC3AAAG3CC3AA AADACUA 

735 C ADOOCA CCGAIX3AGGCCGAAAGGCCGAA AAAUACC7 

745 AADUCDU COGAOGAGGCCGAAAGGCCGAA ACCADUU 

746 AAADDCa OXSADSAGGCCGAAAGGCCGAA AACCAOT 

752 OUOACCA aTSAOSAGGCCaWKSGCCGAA ADOCUOA 

753 ADUOACC COGAnSAGGCCGAAAGGCCGAA AAUOCOU 
757 AOOADU CDGAD3AGGCCGAAAGGCCGAA ACCAAAD 

761 AAADAOT COGAOGRGGCCGAAAQQCOGAA AOOOACC 

762 UAAADAC COGAOSACGCOGAAAGGCCGAA AAOTUAC 
765 AAAOAAA COGAOSAGGCaSAAAQSCCGAA ACUAAOCT 
767 UUAAADA CDGAO3BU33CCGAAA0GCCGAA ACACUAA 

763 AOTAAAIJ COGAOSAGGCCGAAAGGCCGAA AAUACOA 
769 CADUAAA COGAOGAGGCCGAAAGGCCBAA AAADACU 

771 AACAUOA COTAOGAGCCCGAAAGGCCGAA ADAAAnA 

772 DAACABU OX3ADGAGGCCGAAAGGCCGAA AAQAAA0 

773 ADAACAD CCGAD3AGGCOGAAAGGCOGAA AAAOAAA 

778 ACAACAtJ CDGADGAGGCCGAAAOGCCGAA ACAOUAA 

779 CACAACA COGADGAGGCCGAAAGGCCGAA AACADUA 
783 AGAACAC COTAOGAGGCCGAAAGGCCGAA ACADAAC 

788 UUAOUAG COGADGAGGCGGAAAGGCCGAA ACACAAC 

789 OCCAUn A CW3AD3AGGCCGAAAGGCCGAA AACACAA 
791 wuuwll aJGAOGMGCCGAAAGGCCGAA AGAACAC 
794 UUU^JUU COGAOGAGGCCGAAAGGCCGAA ADOAGAA 
805 AGOOGOC CDGAOSAGGCCGAAAGCaXGAA AOOOOOG 
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Table 13: Mouse IL-5 HH Ribozyme Target Sequence 



at. 
Position 

8 

11 

12 

36 

36 

37 

43 

58 

59 

59 

66 

82 

91 
112 
113 
141 
141 
158 
167 
196 
197 
197 
202 
202 
206 
212 
212 
218 
218 
218 
232 
241 
241 
241 
241 
243 " 
243 
244 
245 



HH Taxgst S«qu«ac« 



CGCUCUU 
uCUUcCU 
CUUcCUU 
GAAgacU 
GaAgAcU 
AAgaqjDU 
UcaGaGU 
GGADGC0 
GADGC00 
gADGcOU 
CCGCAC0 
OgAcucU 
GcUgOG0 
ugGAgAU 
gGAgAD0 
GAGACC0 
GAgACcU 
gOCcgCU 
cCGAgCU 
UGAGGcU 
GAGGCU0 
gAGGCu0 
U 



UU C UJ U U 
0G0Ccc0 
UACUCAU 
OacuGAU 
UaaAaa0 
UAAAAA0 
uAAAAAD 
uaOSCAU 
gAGAAAU 
gAgAaAU 
gagAAAU 
gAgAaAU 
gaAAacU 
GAAAUCU 
AAAUCUU 
AAUCUUU 



cuurocu 

UGCugAA 
GCugAAG 
CAGAGUC 
cAgAGUc 
AGAGuCA 
ADGAgaA 
COGCAcU 
DGCAcOU 
uGcAcG0 
GAGUgOU 
aGcTOUG 
uggGCCA . 
CCCAugA 
CCAugAG 
GaCACaG 
GaCAcAg 
AcCGAgC 
CGutJGAc 
CCUjUcC 
OTTOcCC 
COGuCcC 
CCUacuC 
CcUAcuc 
cuCaOAA 
aAAaUCa 
A AAAADCA 
c aCcAGCU 
ACCAgCU 
acCAgCU 
GGaGAAA 
UUUCAGG 
UUucAGG 
U0UCAGG 
UUUCAGg 
UCAGgGg 
UCAGGGg 
CAGGGgc 
AGGGgc0 



at . 
Position 

253 

259 

269 

269 

269 

287 

301 

301 

303 

303 

304 

315 

318 

319 

322 

330 

334 

334 

384 

385 

393 

405 

406 

409 

481 

482. 

483 

483 

495 

553 

557 

564 

564 

565 

565 

569 

569 

613 

'14 



HH Target S«qu«nc< 



AGGGgcU 
UagACAU 
GaAGAaU 
GaAGAaU 
GAAgaAU 
uGGGGGU 
AAAugCU 
AAAugCU 
ADGCuAU 
AugCUAU 
ugCUAUU 
AACcGGU 
cCGUCaU 
CGCCaUU 
CaUUAAU 
AAGAAAU 
AAUACAU 
AAUaCaU 
AggCAgU 

ggCAguu 

CUgGAuU 
CAAGAGU 
AAGAGUU 
AGUUcCU 
UcaCAAU 
cAcAAUU 
AcAAUUU 
AcAAUuU 
AAAUUgU 
GCDGuuU 
UuUcCAU 
UUauAuU 
UUAuaUU 
uaUAUUU 
UAUAuUU 
UUuAUGU 
uUUAUGU 
AAAGuGU 
AAgUGuU 



A 
a 
C 
c 
c 
A 
A 
a 
u 
0 

c 
c 
a 

A 
A 
A 
0 
u 
U 

c 

A 
0 
c 
0 
u 

0 

A 
a 
c 
c 
0 
u 
u 
a 
a 
c 
c 
u 
u 



GaCAuAC 
CUGaAgA 
AAAGUGU 
AAaCugU 
aAAcOgU 
CCGUGGA 
UUCcAAA 
uUCCaaA 
CCaAaAc 
CcAAAAC 
cAAAACc 
aUUAADA 
AAUAAAG 
AUAAAGA 
AAGAAAU 
CAUCGAC 
GACcGCC 
GACcgCC 
CCUgGAu 
CUgGAuU 
CCUGGAA 
cCUUGGU 
CUUGGUG 
GGTOUfcA 
UAAgUUA 
AAgUUaA 
AgUUaAa 
aGUUAAa 
AAcAgAU 
CaUuUAU 
UauaOUU 
aUgUCCU 
AugUcCU 
ugUCCuG 
0gUCcUg 
cUGUaGU 
cUG0agU 
uaaCCUU 
aACcOUU 
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620 


UUAACctJ u uDiifimrr 


1 A A** 

1407 


793 


caAGoCU u OCuficATT 




816 


CUGaaOU a GAfflCee 




818 


GAouUAU a cDCCeuC 




825 


ACUcCcCJ c CccCOCA 


0** 


825 


aCUccCU c CcCcOCa 




839 






840 




14 J 5 


863 


cAAoQAU U eC3H5Gdi 


14 Jo 


864 


AAorQADU e CAQGOjwt 


14Jo 


864 


AAGQAD17 e ea/Mftw 


14J9 


913 




144J 


917 


UcDuccU c CAGAiiGS 


1 A4"7 
144 / 


957 


UUacrcAU c coqg&oc 


1400 


960 


GCAiiccD u OcCJcCuA 


143o 


960 




140U 


962 


AUcCuuQ c UCcGafiC 


1401 


975 


OCCCCOTJ u AcADArrA 


140 J 


987 


aGaOGAXT A cuuAADG 


14 /3 


990 


UGAilACU u AAimetT 


14 /J7 


1000 


UGACuCU c UuaCuGA 


1 4fl^ 
140J 


1027 


CoqqGCD U eCOaCOC 


1 4fl^ 
140J 


1034 




1404 


1037 


OcrcOCcU A tfcOAACCJ * 


140 / 


1039 


cUccuAU c QAACOOC 


140 / 


1039 


cUCcOAU c UAACOOe 


1409 


1041 


CcUADcO A ACntfeJLa 


1407 


1051 


UOcAAliO 17 AAuAceC 


1 ACQ 
1407 


1148 




1 il OA 

1490 


1213 


GCOaGatT u i u 


1490 


1213 


ocOSSAff ti unMs&A& 


1 il Art 

1490 


1214 


•*n(Mnwu w wvunflAA 


1491 


1215 


uyMnwww w VMnflaiUj 


14S1 


1234 




1491 


1236 


GACAITrfT mrrs^irt 


1491 


1275 


y^wv^w u ACuUCuw 


1494 


1276 




lo02 


1280 


COQAcDU e nCeaQMT 


13U2 


1298 


OdAACDU a AGAafieA 


13 U7 


1310 


ccAAAGU a aAiiACcA 

« w anM#«w»WA 




1310 


GCAAAoO' a AAIJArm 


19 OS 


1310 


GcaAAflO a AATIA^eA 


1510 


1350 


AAAGCAH A AAADbefT 


1510 


1358 


AAADQSXT TT aaC&nnfT 


1510 


1370 


OgUuaOU C AGgOAUC 


1510 


1375 


UUCAGgU A UCAGggtT 


1512 


1377 " 


CAGgOAU C AGggGCA 


1515 


1383 


OCAGggU C AcOGgAG 




1405 


cccCAga U UAOfcCA 
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cCAgOUU A CUcCAGg 
ccAgCTJU a CUCCAGG 
gDDUaCU C CAGGaAA 
AUgCUUU a aOUUaAU 
aUgcUuU U ADUUAAu 
aUgcuOU u AuOUAAU 
UgCUCDU a OUUaADU 
ugcOUUU a uOUAaOU 
OuCUACU t7 AAutJcug 
UwUUADU U AADucOg 
rotlADUU A AUucUga 
UOXJaAua c UGuaAGa 
ADUCDGU A AgADGOu 
ugOUcaQ a OUAUCUA 
ugCUcAU A uDAOTUA 
UucADAU u AUOQAug 
UcAOAuU A OUGAOGA 
ADAUUA0 0 OADGAug 
AuGgADU c aGUAAgU 
ATOcaGa A AgOUAaU 
aGuAAGD u AADAU0U 
aGOAAga U AaDADUU 
GQAAgOU A aQAUUUA 
agUQAACT a UUuAuOA 
AgOUAaa A UUUADUa 
OUAAUaU U uAuDAcA 
UUAAuAU u OADUaCA 
UUAaUAU U UADUacA 
UAADaUU u AuQAcAc 
UAaQA£K7 U AUuAcAc 
OAaDAUU U ADUacAc 
AADADUQ a uuaCAcg 
AAUADuU a UUAcAcg 
AaUADUU A UliAcAcG 
AaOAUUU A UUacAcG 
ACUDATO a CAcgOAU 
cACGQaU A UaauADu 
CAcgOAU a DAAUaDU 
ACAnAaU a DUcUaaU 
ADAAuAU U CTaAuAA 
aUaaUaU U CUAAUAA 
QAAuADU C UaAuAAa 
OAAuAUU C UaauAAA 
UAAuAuU c UaaDAAA 
UaaUaUU C UAADAAA 
aUaOUCU A AUAAAgC 
UTCUAAU A AAgCAgA 
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Table 17 

Mouse rel A HH Target sequence 
nt. Position HH Target Sequence 



nt Position HH Target Sequence 



19 


AADGGCU a caCaGgA 


467 


22 , 


aGCOCcU a cGOgGCG 


469 


26 


CcCCcaU u GcGgACa 


473 


93 


GAliCOSO U uCCCCUC 


481 


94 


AuCOGOU u CCCC3CA 


501 


100 


UuCCCCU C ADCUUuC 


502 


103 


CCCTXAU C UUuCCcu 


508 


105 


CUCADOT U uCCcuCA 


509 


106 


UCAUCUU u CCcuCAG 


512 


129 


CAGGCuO C UGGgCCu 


514 


138 


GGgCCuQ A CGUGGAG 


534 


148 


OGGAGAU C AOcGAaC 


556 


151 


AGADCAU c GAaCAGC 


561 


180 


ADGOGaCJ tJ OOGCUAu 


562 


181 


OGCGaUU C CGCUAxiA 


585 


186 


UUCCGCU A uAAaCGC 


598 


204 


GGGCGCU C aGCGGGC 


613 


217 


GCAGuAZT u CCuGGCG 


616 


239 


CACAGM7 A CCACCAA 


617 


262 


CCACGA0 C AAGADCA 


620 


268 


OCAAGAU C AAEGGCTJ 


623 


276 


AADGGCU A CACAGGA 


628 


301 


UuCGaAU C OCCCUGG 


630 


303 


CGaADCU C CCUGGUC 


631 


310 


CCCUUAI C ACCAAGG 


638 


323 


GGcCCCU C CDCcuga 


661 


326 


uCCaCCa C ACCGGCC 


657 


335 


CCGGCCU C AuCCaCA 


687 


349 


AuGAaCU U GOgGGgA 


700 


352 


AGaUcaU c GaAcAGc 


715 


375 


GADGGCU a CUATOAG 


717 


376 


ADSGucU C UccGgaG 


718 


378 


GGCUaCU A UGAGGCD 


721 


391 


COSAcCU C OGCOCaG 


751 


409 


GCaGuAU C CAuAGcU 


759 


416 


CCgCAGU a UCCAuAg 


761 


417 


CAuAGcU U CCAGAAC 


762 


418 


AuAGcUU C CAGAACC 


763 


433 


CGGGgAU C CAGOGOG 


792 


795 


GGCUCOJ U UUCuCAA 


1167 


796 


GCaCCUU U OCUCAAG 


1163 


797 „ 


CUCCUUU U CuCAAGC 


1169 


798 


UCCUUUU C uCAAGCU 


1182 


829 


UGGCCAU U GCGOTCC 


1183 



CCAGGCU 
AaGCcAU 
UuCgAGtf 
AGCGaAU 
AACCCCa 

accccto 

UuCAcOT 
uCAcGUU 
cGUUCCU 
UUCCOA0 
GGGGACU A 
UGCGcCU C 
CCCUGCU U 
UCUGCUU C 
aAgCCAU u 

ggccccu c 

CcCCOGU C 
CUGUCCU c 

gucccuu c 
ccuucct c 

UCCUgcCJ u 
AUCCgAU u 
CCgAUuCJ a 
CgADuCtf U 
OGgCcAO u 
CCGAGCU C 
UCAAGATJ C 
CGgAACU C 

Gcrocca c 

ADGAGAU C 
GAGAUOT a 
AGADCUU C 
UucOCCU c 
AaGACAU rj 
GAGGUOT A 
GGUGDAD U 
GUGUADTJ rj 
UGUAUUU 
CGAGGCU 
GAUGAGU 
A3GAGOU 
UUAGOUU 
AUGcUGU 
UGcUGUU 



C 

c 
u 
u 

u 
U 
a 



cuguOCg 
AGcCAGC 
AGauCAg 
CAGACCA 
uCAcGUU 
CAcGCCC 
CCCADAG 
CTJACTAGA 
UAGAgGA 
GAgGAGC 
uGACuDG 
UGC0UCC 
CCAGGCG 
CAGGCGA 
AGcCAGc 
CuCCDGa 
CUcuCaC 
uCaCADC 
CCCAgCC 
AgCCaug 
CCADCUc 
UUUGAuA 
CGAuAAc 
GAuAAcC 
GuGuuCC 
AAGAUCU 
UGCCGAG 
CGGgAGC 
GGCGGGG 
UUCuOgC 
CuDgCDG 
uCgCTJOT 
CauUGcG 
GAGGOGU 
UUUCACG 
UCACGGG 
CACGGGA 
ACGGGAC 
CUUUTJCu 
UuCCcCC 
uCCcCCA" 
CCcCCAU 
aCCaUCa 
CCaUCaG 
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834 
835 
845 
849 
872 
883 
885 
905 
906 
919 
936 
937 
942 
953 
962 
965 
973 
986 
996 
1005 
1006 
1015 
1028 
1031 
1032 
1033 
1058 
1064 
1072 
1082 
1083 
1092 
1097 
1098 
1102 
1125 
1127 
1131 
1132 
1133 
1137 
1140 
1153 
1158 
1680 
1681 
1683*" 
1686 
1690 



ADUGUGU U CCQGACu 
UUGCGUU C CGGACuC 
GACuCCU C CgOACGC 
CCDCCgQ A OGCcGAC 
cCAGGCU C CCGCUCG 
UuCGaGU C OCCADGC 
CGaGUCU C CADGCAG 
GCGGCCU U CuGAuCG 
C uGAuCGc 
C AGOGAGC 
XX CCAGCAC 
C GAGOACu 
A CuOGCCA 
c CAcAuGA 
C GcCACCG 
gCCaGAc 
GAaGAGA 



CGGCCJU 
GcGAGCU 
AXTGGAgO 
UGGAgOU 
UUCCAGU 
GCCucAU 
AGAleGAU 
CagUacU u 
ACCGGAO U 



GAgACcCT u cAAGagu 
AGGACcU A UGAGACC 
GAGACOT U CAAGAGu 
AGACCUU C AAStGuA 
AGAGuAU C ADGAAGA 
GAAGAGU C CUUUCAa 
GAGDCCU U OCAauGG 

aguccuu a caaugga 

GUCOJUU C AauGGAC 
CCGGCCU C CAaCcCO 
UaCACCU u GAucCAa 
GgCGuAU U G OJGU GC 
UUJ U- UJ a CCOGaAa 
aaG CC UU C OOGaAGu 
OGaAaCa C Aa OJUOJ 
CUCAaCU 0 CTjULVC 
tJCAaCUU C OGDCOCC 
CUUUUGU C CCCAAGC 
CAGCCCU A caCCUDc 
GCCaHAU a gCcOUAC 
cADOCCa c agCacCA 
AcaCCUU c cCagGA? 
UCCaBcU c CagCuDC 
UUOACuU u AgCgCgc 
cCagCAD C COTcAGC 
GCACCA0 C AACDUOG 
AZXAACU U OGAOGAG 
GAAGACU U C O CUXX 
AAGACtftJ C OCCOCCA 
GACUOCU C CUCCAUU 
UULUXU C CAOTGCG 
CCOCCA0 U GOGGACA 



1184 

1187 

1188 

1198 

1209 

1215 

1229 

1237 

1250 

1268 

1279 

1281 

1286 

1309 

1315 

1318 

1331 

1334 

1389 

1413 

1414 

1437 

1441 

1467 

1468 

1482 

1486 

1494 

1500 

1501 

1502 

1525 

1566 

1577 

1579 

1583 

1588 

1622 

1628 

1648 

1660 

1663 

1664 

1665 



GGccccU C 
GUccCuCJ c 
UUaCCaU C 
GGgAGutJ u 
CAGcCCD a 
cuGGCCU U 
GGuCCOJ u 
CCCAgcU C 
CCAGcOJ C 
CCCaGCU C 
CCADGGU c 
gOGGgcQ c 
AOgAGuU u 
CuCCOGU u 
cCCCAGU 
GAGUuCU 
gGGuCCU 
CuuCAiCU 
AO GCU GD 
CUGCAGU 
UGCAGUU 
GGGGCCa 
CCOOGCU 
GgaGDGO U 
gaGOTUU C 
COGGCAU C 
CuOCgCU a 
GACAACU C 
UCaGAGU U 
CaGAGUU U 
aGAGUUU C 
gGuGCAU c 
ADGGAGU A 
OGAaGCU A 
AaGCUAU A 
UADAACa C 
CUCuCCU A 
CCCAGCU C 
UCCOGCU u 
CGGGGCU u 
cOGaCCD C 
cuCTgCU a 
uCUgCUU c 
CUCgcUU u 



u 
A 
C 

c 
c 
a 
u 
a 
u 



CUcCUGa 
CUcaGCc 
aGGGCAG 
AGuCuGa 
caCCUUc 
aGCaCCG 
CCucAGc 
CUGCCCC 
CAGgCuC 
CuGCCcc 
cCuuCcu 
AGCUgcG 
UccCCCA 
CgAGUCu 
COAaCCC 
aCCCCgG 
CcCAGuC 
AaGCOGa 
gGAaGCC 
UGADGcU 
GADGcOG 
GCUUGGC 
GGCAACA 
CACAGAC 
ACAGACC 
uGUgGAC 
GggAAOJ 
aGAGUUU 
UCAGCAG 
CAGCAGC 
AGCAGCU 
CCUGUGu 
CCCUGAa 
QAACUCG 
ACUCGCC 
GCCUgGU 
GaGAggG 
CDGCcCC 
CggUaGG 
CCCAADG 
ugccCAG 
cGAGGuG 
CAGGuGA 
cGGAGgU 
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1704 AEGGAOJ tJ CUCuGCu 

1705 OGGACTO C DCuGCuC 
1707 GAOJUCU C uGCuCOU 
1721 uuOGAOT C AGADCAG 
1726 GUCAGAZ7 C AGCCCCU 
1731 ADCAGCU C CUAAGGu 
1734 AGCUCCU A AGQuGcCT 
1754 CaGugCU C CCaAGAG 
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Table 18 

Human rel A HH Target Sequences 
nt. Position HH Target Sequence 



IS AADGGCtJ C GUCUGOA 

22 GGCOCGQ C 0OTAGUG 

26 05UOX3 U A GTOCACG 

93 GAACUGU U CCCCCDC 

94 AACUT3UU C CCCCUCA 

ioo occccca c adcotcc 

103 CCCDCAD C OOC XXXj G 

105 CUCAUCU U CCCGGCA 

106 OCADCOU C CC3G CA G 
129 CAGGCCU C UGGCCCC 
138 GGCCCCa A UGOGGAG 
148 UGGAGAU C ADCGAGC 
151 AGADCA0 U QAGCAGC 

180 AXX3CGCU U CCGCOAC 

181 UUUUIUU C CGCOACA 
186 U OCC GOI A CAAGUGC 
204 GGGCGCU C CGCGGGC 
217 GCAGCAU C CCAGGCG 
239 CACAGAU A CCACCAA 
262 CCAOCAZ7 C AAGADGA 
268 UCAASAU C AADGGCO 
276 AADGGCU A CACAGGA 
301 UGCGCAO C UCC CUGG 
303 CGCADCU C CC U a mJ C 
310 CCCCGGU C ACCAAGG 
323 GGACCCU C CUCACCG 

326 c ec um) c acc gg cc 

335 CC GG CCU C ACCCC CA 

349 ACGAGCU U GUAGGAA 

352 AGCUOGU A GGAAAGG 

375 GADGGCU U COADGAG 

376 ADGGCUU C UATJGAGG 
378 GGCUUCU A UGAGGCU 
391 COGAGCU C UGCCCGG 
409 GCOGCA0 C CACAGOU 

416 CCACAGU U UCCAGAA 

417 CACAGUU U CCAGAAC 

418 ACAGOUU C CAGAACC 
433 UGGGAAX7 C CAGUGUG 

795 GGCUCCQ U UUCGCAA 

796 GC U CC U U U UCGOU\G 

797 CUCCUUU U CGCAAGC 

798 UCCUUUU C GCAAGCU 
829 UGGCCAU a GGGOUCC 
834 ADUGUGU U CCGGACC 



c 

PCT/IB95/00156 



nt. Position HH Target Sequence 



467 


GCAGSCU A. nplfsvi 


469 


AGGCUAH C If '^r* — 


473 


CADCAGU C AfV^t?^rT 


481 


AGCGCAIJ C canar—* 


S01 


AACCCCU U ccva/rrTfT 


502 


ACCCCTJU C CAA/»i ii \t* 


508 


CCCAAGU lJ OCTTJLTT&n 


509 


CCAAGuU C CTTzrraMi 


512 




514 




534 


GGGGACU A CGSiCmn 


556 


CGCGGCU C DGCTCcr 


561 


CUCUGCU 0" CCAGGCG 


562 


UCUUCUIT C CAGGCGA 


585 


GACCCAU C AGGCAGS 


598 


GGCCCCU C cscrnrv! 


613 




616 




617 




- 620 




623 


CCLTJCAH c ccinr^TrT 


628 




630 


CCCATJiHTT f T mr* s tt 
ViWWWwU U UvaAtAAU 


631 


CdTTTTiTT TT n^ar^ 


638 


UVa « u wJ C GOTCCCC 


661 


Op^i^/'T I /*♦ » tr^fft'^ i 


667 


uwuuamJ v» OOU.unG 


687 




700 




715 


AuwunU v» UUCwUAC 


717 


vinuAUv.U U CCUACCG 


718 


Ifiinn TT T ^ /^t n» < *^ i» ■» t 


721 




751 


<nuvan)LAU U GnwGUGU 


759 




761 


GGOGOAU U UCACGGG 


762 


GUGUADU U CACGGGA 


763 


CGUAUUtJ C ACGGGAC 


792 


CGAGGCU C CUOUUCG 


1167 


GADGAGtJ U UCCCACC 


1168 


AUGAGUU U CCCACCA 


1169 


uGAGUUU C CCACCAU 


1182 


ACGGCGu* u* UCCUUCJ 


1183 


UGGwGUU U CCUUCUG 


1184 


GGUGUOU C CUUCUGG 
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335 
845 
849 
872 
883 
885 
905 
906 
919 
936 
937 
942 
953 
962 
965 
973 
986 
996 
1005 
1006 
1015 
1028 
1031 
1032 
1033 
1058 
1064 
1072 
1082 
1083 
1092 
1097 
1098 
1102 
1125 
1127 
1131 
1132 
1133 
1137 * 
1140 
U53 
1158 
1680 
1681 
1683 
1686 
1690 
1704 



UUGUGUU 
GACCCCU 
CCUCCC U 
GCAGGC0 
UGCGUGU 
CG0GUC0 
GCGGCC0 
CGGCCUU 
GGGAGC0* 
AUGGAAU 
OGGAA00 
UUCCAGU 
GCCAGAU 
AGACGAU 
CGADCGU 
ACCGGAU 
GAAACG0 
AGGACAU 
GAGACCU 
AGACCUU 
AGAGCA0 
GAAGAG0 
GACTCCU 
AGCCCU0 
GOCCUU0 
CCGGCCU 
UCCACC0 
GACGCAU 
OGCGCC0 
GCGCCUU 
CGCAGC0 
CUCAGC0 
UCAGCU0 
CUUUJGU 

cagccoj 

GCCCUAU 
OAUCCCU 
AUCCCOU 

occcooa 

uuuaCGU 
ACG0CAU 
GCACCAU 
ADCAACU 
GAAGAC0 
AAGAOJU 
GACUUCU 

uucuccu 

CCUCCAU 
AOGGACU 



C 

c 

A 
C 

c 
c 
u 
c 
c 
a 
c 

A 
A 

C 

c 
a 

A 
A 
U 

c 
c 
c 

0 

u 
c 
c 
c 
a 
0 
c 
c 
u 
c 
c 

A 

c 
u 
u 

A 

c 
c 
c 

A 

0 
c 
c 
c 



CGGACCC 
CCOACGC 
CGCAGAC 
C0G0GCG 
OXADGC 
CADGCAG 
OOf iA CC G 
CGACCGG 
AGUGAGC 
CCAGCAC 
CAGQACC 
CCCGCCA 
CAGAGGA 
GOCACCG 
ACCGGAU 
GAGGAGA 
AAAGGAC 
UGAGACC 
CAAGAGC 
AAGAGCA 
ADGAAGA 
CUUXJAG 
TCAGOGG 
CAGCGGA 
AGOGGAC 
CACCOCG 
GACGCAU 
GCOGOGC 
CCCGCAG 
CCOCAGC 
AGCUUCU 

UGUCUX' 
CCCAAGC 
U CC C UUU 
CCUUUAC 
UAGGOCA 
AOGDCAU 
CGUCADC 
AOCCCDG 
CCOGAGC 
AACUAUG 
UGADGAG 
OJO C U OC 
UCCOCCA 
CUCCAUU 
CAUOGCG 
U GCGGACA 
U CUCAGCC 



1187 

1188 

1198 

1209 

1215 

1229 

1237 

1250 

1268 

1279 

1281 

1286 

1309 

1315 

1318 

1331 

1334 

1389 

1413 

1414 

1437 

1441 

1467 

1468 

1482 

1486 

1494 

1500 

1501 

1502 

1525 

1566 

1577 

1579 

1583 

1588 

1622 

1628 

1648 

1660 

1663 

1664 

1665 



GUUUCCU U 
UUUCCUU c 
GGCAGAU C 
CAGGCCU C 
UCGGCCU U 
GGCCCCU C 
CCCAAGU C 
CCAGGCU C 
CCOX3CU C 
CCADGGU A 
ADGGUAU C 
AUCAGCU C 
CCCCOGU C 
UCCCAGU C 
CAGCCCU A 
AGGCCCU C 

cca j cc u c 

ACGC0GU C 
CO3CAG0 u 
OGCAGUU U 
GGGGCCU 0 
CCUUGCU 
GCCGOGU 
COGOGO0 
CTOGCAU 
CADCCGU 
. GACAACU 
UCCGAG0 
CCGAGU0 
CGAGUU0 C 
AGGGCA0 A 
ADGGAG0 A 
OGAGGCU A 
AGGCUAU A 
UAUAACU C 
CCCGCCU A 
CCCAGCU C 
0CCCGCU C 
CGGGGCU C 
ADGGCC0 C 

Gcax xu u 
ccocc uu u 

CUCCUUU c 



U 
0 
c 
c 
c 
c 
0 
0 



CUGGGCA 
tJGGGCAG 
AGCCAGG 
GGCCUUG 
GGCCCCG 
CCCAAGU 

oj ujccc 

CAGCCCC 
CAGCCAU 
DCAGCUC 
AGCUCUG 
DGGCCCA 
CCAGUCC 
COAGCCC 
GCCCCAG 
CUCAGGC 
AGGCUGU 
AGAGGCC 
0GAB3AU 
GAJDGADG 
GCUOGGC 
GGCAACA 
CACAGAC 
ACAGACC 
CGOCGAC 
GACAAC0 
CGAGUUU 
UCAGCAG 
CAGCAGC 
AGCAGCU 
CCOG0GG 
CCCUGAG 
UAACOCG 
ACDCGCC 
GCC0AG0 
GUGACAG 

cugcocc 

CACOGGG 
CCCAAUG 
CUUUCAG 
UCAGGAG 
CAGGAGA 
AGGAGA0 
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1705 . rosacea c ocagccc 

1707 GACODCa C AGCCCTO 

1721 Gcosaca c AGancaG 

1726 GOCAGAU C AGCDCCU 

1731 ADCAGCa C CQAAGGG 

1734 AGCOCCa A AGGGGGU 

1754 cocccca c cccaGac 
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Table 19 

Mouse rel A HH Ribozyme Sequences 

. _ nt HH Ribozyme Sequence 

Sequence 



19 OCCOGOG COGAOGAGGCCGAAAGGCCGAA AGCCADD 

22 CACCAC G COGAOGAGGCCGAAAGGCCGAA AGGAGCU 

26 OGDCCGC OTGAOGAGGCCGAAAGGCCGAA ADGGAGG 

93 GAGGGGA COGADGAGGCCGAAAGGCCGAA ACAGADC 

94 OGAGGGG COGADGAGGCCGAAAGGCCGAA AACAGAO 
100 GAAAGAD C0GA0GAGGCO3AAAGGCCGAA AGGGGAA 
103 AGGGAAA COGADGAGGCCGAAAGGCCGAA ADGAGGG 

105 OGAGGGA CDGAOGAGGCCGAAAGGCCGAA AGADGAG 

106 CDGAGGO COGADGAGGCCGAAAGGCCGAA AAGAOGA 
129 AGGCCCA COGAOGaGGCCGAAAGGCCGAA AAGCCOG 
138 COCCAC A COGADGAGGCCGAAAGGCCGAA AAGGCCC 
148 UJUUUAD COGADGAGGCCGAAAGGCCGAA ADCOCCA 
151 GC UUJUC COGADGAGGCCGAAAGGCCGAA ADGAOCU 

180 AOAGCGG COGADGAGGCCGAAAGGCCGAA ADCGCAO 

181 UAOAGCG COGAOGAGGCCGAAAGGCCGAA AAOCGCA 
186 GCAOOOA COGADGAGGCCGAAAGGCCGAA AGCGGAA 
204 GCCCGCU COGADGAGGCCGAAAGGCCGAA AGCGCCC 
217 CGCCAGG CDGAOGAGGCCGAAAGGCCGAA ADACOGC 
239 UOGGOGG COGADGAGGCCGAAAGGCCGAA AUCOGOG 
262 DGAOCOO CDGAOGAGGCCGAAAGGCCGAA ADGGDGG 
268 AGCCADD C0GAOGAGGCC6AAAGGCCGAA AOCDOGA 
276 OCCDGDG COGADGAGGCCGAAAGGCCGAA AGCCADD 
301 CCAGGGA CDGADGAGGCCGAAAGGCCGAA ADDCGAA 
303 GACCA GG CDGADGAGGCCGAAAGGCCGAA AGADOCG 
310 CCDOGGD CDGAOGAGGCCGAAAGGCCGAA ACCAGGG 
323 OCAGGAG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
326 f^ ^ 1 ^W'S^QGCCGAAAGGCCGAA AGGOGGA 
335 DGTOGAD CDGADGAGGCCGAAAGGCCGAA AGGCCGG 
349 OCCCCAC CDGADGAGGCCGAAAGGCCGAA AGDDCAD 
3 S2 GCOGDOC CDGADGAGGCCGAAAGGCCGAA ADGADCD 

375 CDCADAG CDGAOGAGGCCGAAAGGCCGAA AGCCADC 

376 C OOJUfr CDGADGAGGCCGAAAGGCCGAA AGACCAD 
378 AGCCDCA CDGADGAGGCCGAAAGGCCGAA AGDAGCC 
391 COGGGCA COGADGAGGCCGAAAGGCCGAA AGGDCAG 
409 AGCDADG CDGADGAGGCCGAAAGGCCGAA ADACOGC 

416 CDADGG A CDGADGAGGCCGAAAGGCCGAA ACDGCGG 

417 GDDCOGG CDGAOGAGGCCGAAAGGCCGAA AGCDADG 

418 GGODCOG COGADGAGGCCGAAAGGCCGAA AAGCDAD 
433 CACACOG CDGADGAGGCCGAAAGGCCGAA ADCCCCA 
467 CGAACAG CDGAOGAGGCCGAAAGGCCGAA AGCCOGG 
469 .. GCOGGCO COGADGAGGCCGAAAGGCCGAA ADGGCDD 
473 COGAOCO COGAOGAGGCCGAAAGGCCGAA ACOCAAA 
481 OGGDCOG COGAOGAGGCCGAAAGGCCGAA ADDCGCD 



SUBSTITUTE SHEET (RULE 26) 



232 



AACGOGA COSADSAGGCCGAAAGGCCGAA AGGGGUU 
GAACGOS COSADGAGGCCGAAAGGCCGAA AAGGGGU 
COAn AGG COSADGAGGCCGAAAGGCCGAA ACGUGAA 
OCOM3AG CUGADGAGGCCGAAAGGCCGAA AACGUGA 
UCCUCUA COSADGAGGCCGAAAGGCCGAA AGGAACG 
GCOCCUC COSADGAGGCCGAAAGGCCGAA ADAGGAA 
CAAGOCA OJGADSAGGCCGAAAGGCCGAA AGUCCCC 
GGAAGCA CUGADSAGGCOGAAAGGCGGAA AGGCGCA 
CACCOGG COSADSAGGCCGAAAGGCCGAA AGCAGAG 
OCACCUG COGADSAGGCCGAAAGGCOGAA AAGCAGA 
GCOSGCO CDGADSAGGCOGAAAGGCOGAA ADGGCUU 
BCAGGAG OT3ADSAGGCCGAAAGGCOGAA AGGGGCC 
G 05AGAG CUGADGAGGCCGAAAGGCCGAA ACAGGGG 
GAOSO SA CUGADSAGGCOGAAAGGCGGAA AGGACAG 
^^*AG COSADSAGGCCGAAAGGCCC»A AAGGGAC 
CADQGCU CUGADGAGGCCGAAAGGCCGAA AGGAAGG 
GAGAD3G COSADSAGGCCGAAAGGCCGAA AGCAGGA 
3ADCAAA CD3ADGAGGCOGAAAGGCOGAA ADOGGAD 
GDCADCA COSADSAGGCCGAAAGGCCGAA AAADCGG 
GGUOADC CDGADSAGGCOGAAAGGCOGAA AAAADCG 
Qg AACAC COSADSAGGCCGAAAGGCCGAA ADGGCCA 
AGADCOU COSADGAGGCCGAAAGGCCGAA AGCUCGG 
CTOGrai CUGAD3AGGCOGAAAGGCCGAA ADCUOGA 
<*TOCCA COSADSAGGCCGAAAGGCCGAA AGUUCGG 
CCCCACC COSADSAGGCCGAAAGGCCGAA AGGCAGC 
GCAAGAA COSADSAGGCCGAAAGGCCGAA ADCUCAU 
CAGCAAG COSADSAGGCCGAAAGGCCGAA AGADCUC 
ACAGCAA COSADSAGGCCGAAAGGCCGAA AAGADCU 
CGCAAOS COSADSAGGCCGAAAGGCCGAA AGGAGAA 
ACAC COC COSADSAGGCCGAAAGGCCGAA ADGUCUU 
OGOSAA A COSADSAGGCCGAAAGGCCGAA ACACCUC 
gCCGWA COSADSAGGCCGAAAGGCCGAA ADACACC 
VGC&M* COSADSAGGCCGAAAGGCCGAA AAtZACAC 
GOCCCGU COSADSAGGCCGAAAGGCCGAA AAADACA 
AGAAAAG COSADSAGGCCGAAAGGCCGAA AGCCUCG 
OTGAGAA COSADSAGGCCGAAAGGCCGAA AGGAGCC 
CTOSAGA COSADSAGGCCGAAAGGCCGAA AAGGAGC 
GCOOGAO OX3ADSAGGCCGAAAGGCCGAA AAAGGAG 
AGCOOGA COSADSAGGCOGAAAGGOOGAA AAAAGGA 
QSAACAC COSADSAGGCCGAAAGGCCGAA ADGGCCA 
COSADSAGGCCGAAAGGCCGAA ACACAAD 
QAi3JC w CTSAOSAGGCCGAAAGGCCGAA AACACAA 
*****u* CG COSADSAGGCCGAAAGGCOGAA AGGAGUC 
WOMJU COSADSAGGCCGAAAGGCCGAA ACGGAGG 
CGAACAG COSADSAGGCCGAAAGGCCGAA AGCCUC G 
GCADCGA COSADSAGGCCGAAAGGCCGAA ACUCGAA 
COGCADG COSADSAGGCCGAAAGGCCGAA AGACUCG 
CGADCAG COSADSAGGCCGAAAGGCCGAA AGGCCGC 
GCGADCA COSADSAGGCCGAAAGGCCGAA AAGGCCG 
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919 GCUCACU COGADGAGGCCGAAAGGCCGAA AGCDCGC 

936 GOACOGG COGADGAGGCCGAAAGGCCGAA ACOCCAO 

937 AGCACOG COGADGAGGCCGAAAGGCCGAA AACOCCA 
942 OGGCAAG CDGAOGAGGCCGAAAGGCCGAA ACOGGAA 
953 OCAOGOG COGADGAGGCCGAAAGGCCGAA AOGAGGC 
III CCGOG GC COGADGAGGCCGAAAGGCCGAA AOCADCU 
965 GDCOGGC COGADGAGGCCGAAAGGCCGAA AGOACOG 
973 O CDCOaC COGAOGAGGCCGAAAGGCCSAA ADCCGGU 
III ACOCOOG COGADGAGGCCGAAAGGCCGAA AGGOCOC 
996 G GDCOCA COGADGAGGCCGAAAGGCCGAA AGGOCOJ 
1005 A COCOOG COGADGAGGCCGAAAGGCCGAA AGGOCOC 

.006 oacoco ct ccgaogaggccgaaaggccgaa aaggocd 

1015 UCOOCAQ cdgaogaggosaaaggccgaa adacdcu 

1028 UUGAAAG COGADGAGGCCGAAAGGCCGAA ACOCUUC 

1031 CCAOOGA COGADGAGGCCGAAAGGCCSAA AGGACOC 

1032 OCCAOOG COGADGAGGCCGAAAGGCCGAA AAGGACU 
.033 GOCCAOO COGADGAGGCCGAAAGGCOGAA AAAGGAC 
1058 CGGGOOG COGADGAGGCCGAAAGGCCGAA 
1064 OOGGAOC COGADGAGGCCGAAAGGCCGAA AGGOGOA 
1072 GCACAGC COGADGAGGCCGAAAGGCCGAA ADACGCC 

C0GAOGAGG0CGAAAGGCCGAA AGGCACA 
ACOOCGG COGADGAGGCCGAAAGGCCGAA AAGGCOO 
AGAAGOD COGADGAGGCCGAAAGGCCGAA AGOOOCG 
ffSACAG COGADGAGGCCGAAAGGCCGAA AGOOGAG 
GSGGACA COGADGAGGCCGAAAGGCCGAA AAGODGA 
GCOOGGG COGADGAGGCCGAAAGGCCGAA ACAGAAG 
GAAGCTG COGADGAGGCCGAAAGGCCGAA AGGGCOG 
^^®^^*CCGAAAGGCCGAA ADADGGC 
7« COGAOGAGGCCGAAAGGCCGAA AGGGAOG 

-32 AOGCOGG COGADGAGGCCGAAAGGCCGAA AAGGOG0 

-133 GAAGCOG COGADGAGGCCGAAAGGCCGAA AGAOGGA 

~?J GCGCGCU COGADGAGGCCGAAAGGCCGAA AAGDAAA 

1140 GCDGAGG CCGAOGAGGCCGAAAGGCCGAA AOGCOGG 

1153 CAAAGOU COGADGAGGCCGAAAGGCCGAA ADGGOGC 

—58 f^pCA COGADGAGGCCGAAAGGCCGAA AG0DGA17 

7, S SSSGSA A COGADGAGGCCGAAAGGCCGAA ACOCADC 

-168 DGGGGGA COGADGAGGCCGAAAGGCCGAA AACOCAD 

ADCGGGG COGADGAGGCCGAAAGGCCGAA AAACDCA 
-182 OGADGGD COGADGAGGCCGAAAGGCCGAA ACAGCAD 

-183 CDGAOGG COGADGAGGCCGAAAGGCCGAA AACAGCA 

1184 OCAGGAG COGADGAGGCCGAAAGGCCGAA AGGGGCC 

—87 GGCOGAG COGADGAGGCCGAAAGGCCGAA AAGGGAC 

COGCCCO COGADGAGGCCGAAAGGCCGAA AOGGOAA 
OCAGACO COGADGAGGCCGAAAGGCCGAA AACOCCC 
GAftGG0G CCGADGAGGCOGAAAGGCOGAA AGGGCOG 
CGGOGCO COGADGAGGCCGAAAGGCCGAA AGGCCAG 
GCCGAGG COGADGAGGCCGAAAGGCCGAA AGGGACC 
GGGGCAG COGADGAGGCCGAAAGGCCGAA AGCOGGG 
GAGCCDG CCGAOGAGGCCGAAAGGCCGAA AGGCOGG 



1072 
1082 
1083 
1092 
1097 
1098 
1102 
1125 
1127 

1132 



1187 
1188 
1198 
1209 
1215 
1229 .- 
1237 
1250 
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1268 GGGGCAG CCGAaSAGGCCGAAAGGCCGAA AGCUGGG 

1279 AGGAAGG OJGAOGAGGCCGAAAGGCCGAA ACCACGG 

1281 cGcasca coqaogagscocsaaaggccsaa agcccac 

1286 OSGGGGA CaSAOSAGGCCGAAAGGCCGAA AACUCAU 

1309 AGACOC G COSAOSAGGCCGAAAGGCCGAA ACAGGAG 

1315 GGGUOAG COSAOSAGGCCGAAAGGCCGAA ACUGGGG 

1318 CC GGGGtt CaSAOSAGGCCGAAAGGCCGAA AGAACOG 

1331 GACOGGG aXSAOGAGGCCGAAAGGCCGAA AGGACCC 

1334 OCAGCUU CaSAOSAGGCCGAAAGGCCGAA AGAAAAG 

1389 GGCOOCC COSAOSAGGCCGAAAGGCCGAA ACAGCGU 

1413 AGCAOCA CaSAOGAGGCCGAAAGGCCGAA ACCGCAG 

1414 CAGCADC CO3 A O3AC 0 CC3AAAGGCCGAA AACCGCA 
1*37 GCCAAG C C0GACGAGGCC3AAAGGCCGAA AGGCCCC 
1441 O50O5CC CaSAOGAGGCCGAAAGGCCGAA AGCAAGG 

1467 GOCOGOG COSAOS A GGCCGAAAGGCCGAA ACACaC*" 

1468 GOTCOSU COSAOSAGGCCGAAAGGCCGAA AACACUC 
1482 &XX*Ck C03AD3AGGCCGAAAGGCCGAA AD3CCAG 
1486 AtiU UUCX' CaSAOSAGGCCGAAAGGCCGAA ACCGAAG 
1494 AAACDCP CaSAOSAGGCCGAAAGGCCGAA AGUOGCC 

isoo coscosa cosaosaggccgaaaggccgaa ACUCOSA 

1501 GCO3C0G C0GAO3AGGCCGAAAGGCCGAA AACUCCG 

1502 AGCOGCU COSAOSAGGCCGAAAGGCCGAA AAACUCU 
1525 ACAC AGG COSAOSAGGCCGAAAGGCCGAA ACGCACC 
1566 UOCAGGG COSAOSAGGCCGAAAGGCCGAA ACUCCAU 
1577 CGAGO OA, COSAOSAGGCCGAAAGGCCGAA AGCUOCA 
1579 GGCGAGU CCX3A03AGGCCGAAAGGCCGAA ADAGCUD 
1583 ACCAGGC COSAOSAGGCCGAAAGGCCGAA AGOTAOA 
1588 CCCDCDC COSAOSAGGCCGAAAGGCCGAA AGGAGAG 
1622 GGGGCAG COSAOSAGGCCGAAAGGCCGAA AGCUGGG 
1628 CCOACCG COGAOSAGGCCGAAACGCCGAA AGCAGGA 
1648 CA0O3 GG COGADGAGGCCGAAAGGCCGAA AGCCCCG 
1660 C OSGGCA CaSAOSAGGCCGAAAGGCCGAA AGGUCAG 
1663 C * CC *** G i CaSAOSACGCCGAAAGGCCGAA AGCAGAG 

l66 t ocac co s cosaosaggccgaaaggccgaa aagcaga 

1665 ACCOCCG COSAaSAGGCCGAAAGGCCGAA AAGCGAG 

1680 GGAGGAG CaSAOGAGGCCGAAAGGCCGAA AGUCOCC 

1681 OSGAGGA C03AOSAGGCCGAAAGGCOGAA AAGDCDO 
1683 AAOSGAG CaSAOSAGGCCGAAAGGCCGAA AGAAGOC 
1686 CGCA AOS CaSAOSAGGCCGAAAGGCCGAA AGGAGAA 
1690 O30CCGC CaSAOSAGGCCGAAAGGCCGAA ACGGAGG 

1704 AGCAGAG CaSAOSAGGCCGAAAGGCCGAA AGDCCAO 

1705 GAGCAGA C03A03AGGCCSAAAGCCCGAA AAGOCCA 
1707 AAGAGCA CaSAOSAGGCCGAAAGGCCGAA AGAAGOC 
1721 CO3A0CO CaSAOSAGGCCGAAAGGCCGAA ACUCAAA 
1726 AGGAGCO CaSAOSAGGCCGAAAGGCCGAA AUCUGAC 
1731 ACCDDAG 0>3ADGAGGCCGAAAGGCCGAA AGCOGAO 
1734 AGCACOJ CaSAOGAGGCCGAAAGGCCGAA AGGAGCU 
1754 COCOUGG CaSAOSAGGCCGAAAGGCCGAA AGCACDG 
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Table 20 

Human ret A HH Ribozyme Sequences 

nt. Position HH Ribozyme Sequences 



93 
94 

100 
103 



ORCAGAC COGAOGAGGCCGAAAGGCCGAA AGCCADU 
22 CACOACA COGAOGAGGCCGAAAGGCCGAA ACGAGCC 

26 CG OSCAC CUGAOGAGGCCGAAAGGCCGAA ACAGACG 

" GAGGGGG COGAOGAGGCCGAAAGGCCGAA ACAGCUC 

OSAGGGG COGADGAGGCCGAAAGGCCGAA AACAGUU 
GGAAGAO COGADGAGGCCGAAAGGCCGAA AGGSGGA 
CCGGGAA COGAOGAGGCCGAAAGGCCGAA AOGAGGG 

105 OSCCGGG COGAOGAGGCCGAAAGGCCGAA AGADGAG 

106 COGCCGG OX3AOGAGGCCGAAAGGCCGAA AAGAOGA 
129 GGGGCCA COGAOGAGGCCGAAAGGCCGAA AGGCCUG 
138 COCCACA COGADGAGGCCGAAAGGCCGAA AGGGGCC 
148 GCOCAAO COGADGAGGCCGAAAGGCCGAA AOCOCCA 
151 GCOGCUC COGAOGAGGCCGAAAGGCCGAA ADGADCU 

180 GOAGCGG COGADGAGGCCGAAAGGCCGAA A GC CC A D 

181 OGDAGCG COGADGAGGCCGAAAGGCCGAA AAGCGCA 
IBS GQCDDG COGADGAGGCCGAAAGGCCGAA AGCGGAA 

COGADGAGGCCGAAAGGCCGAA AGCGCCC 
CGCCUGG CDGADG3KXXXS3UUUS3CCGAA ADGCDGC 
UUwiueG COGADGAGGCCGAAAGGCCGAA ADCOGUG 
****ECUU CDGADGAGGCCGAAAGGCCGAA AOGGOGG 
268 AGCCAOO CDGADGAGGCCGAAAGGCCGAA ADCODGA 

276 OCCOGUG CDGAOGAGGCCGAAAGGCCGAA AGCCADU 

301 CCAGGGA COCAOGAGGCaSAAAOXXGAA ADGCGCA 

303 GACCAGG aWWXSAGGCOSAAAGGCCGAA AGADGCG 

310 CCaiXjUl COGADGAGGCCGAAAGGCCGAA ACCAGGG 

CGOTGAG CDGADGAGGCCGAAAGGCCGAA AGGGOCC 
326 GGCCCGO CDGAOGAGGCCGAAAGGCCGAA AGGAGGG 

HI ^ GSGGq <^3AOSAO(XXS3UUtf»XCaA AGGCCGG 

349 OOCCCAC COGAOGAGGCCGAAAGGCCGAA AGCOCGU 

352 CCDDOCC COGADGAGGCCGAAAGGCCGAA ACAAGCU 

375 COCADAG COGAOGAGGCCGAAAGGCCGAA AGCCADC 

CICADA COGAOGAGGCCGAAAGGCCGAA AAGCCAO 
ffff 00 * COGAOGAGGCCGAAAGGCCGAA AGAAGCC 
CCGSSCA CDGAOGAGGCCGAAAGGCCGAA AGCDCAG 
AACDGUg COGADGAGGCCGAAAGGCCGAA AOGCAGC 
DOCDGGA CDGAOGAGGCCGAAAGGCCGAA ACOGOGG 
SI 500=0135 ^'■'^'AGGCCGAAAGGCCGAA AACDGDG 

418 GGDDCUG CDGAOGAGGCCGAAAGGCCGAA AAACDGU 

433 CACACOG COGADGAGGCCGAAAGGCCGAA ADDCCCA 

467 DGACDGA CaSAOGAGGCOBUWSGCCGAA AGCCDGC 

469 GCDGACD COGADGAGGCCGAAAGGCCGAA ADAGCCD 

473 AOGCGCO COGAOGAGGCCGAAAGGCCGAA ACUGAOA 

481 DGGOCOG COGAOGAGGCCGAAAGGCCGAA AOGCGCO 

501 AACOOGG COGAOGAGGCCGAAAGGCCGAA AGGGGOU 



186 
204 
217 
239 
262 



375 
376 
378 
391 
409 
416 
417 
418 
433 
467 
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502 GAACDDG CDGADGAGGCCGAAAGGCCGAA AAGGGGD 

508 COAIJAGG CDGADGAGGCCGAAAGGCCGAA ACOOGGA 

509 D COAgAG OTGADGAGGCCGAAAGGCCGAA AACDDGG 
512 UCUUCUA CDGADGAGGCCGAAAGGCCGAA AGGAACU 
514 GCDCOUC CDGADGAGGCCGAAAGGCCGAA ADAGGAA 
534 CAGGDCG COGADGAGGOOGAAAGGCCGAA AGOCCCC 
556 GGAAGCA CDGADGAGGCCGAAAGGCCGAA A GC C GCA 

561 CACCDGG QX3ADGAGGCCGAAAGGCCGAA AGCAGAG 

562 OCACCDG CDGADGAGGCCGAAAGGCCGAA AAGCAGA 
585 CCUGCCU C0GAD3AGGCCGAAAGGC0GAA ADGGGOC 
598 GCAGGCG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
613 GAGSAAG CDGADGAGGCCGAAAGGCCGAA ACAGGCG 

616 GADGAGG CDGADGAGGCCGAAAGGCCGAA AGGACAG 

617 GGADGAG CDGADGAGGCCGAAAGGCCGAA AAGGACA 
620 ADGGGA0 CDGADGAGGCCGAAAGGCCGAA AGGAAGG 
623 AAGADGG CDGADGAGGCCGAAAGGCCGAA ADGAGGA 
628 UGUCAAA CDGADGAGGCCGAAAGGCCGAA ADGGGA0 

630 ADDGDGA CDGADGAGGCOGAAAGGGOGAA AGADGGG 

631 GADDGDC CDGADGAGGCCGAAAGGCCGAA AAGADGG 
638 GG GGCAC CTCADGAGGCCGAAAGGCCGAA ADOGOCA 
661 AGADCDU CDGADGAGGCCGAAAGGCCGAA AGCOCGG 
667 CDCGGCA CDGRDGAGGCCGAAAGGCCGAA ADCDOGA 
637 GCDGCCA CDGADGAGGCCGAAAGGCCGAA AG UUU CG 
700 CCCC A C C CDGADGAGGCCGAAAGGCCGAA AGGCAGC 
715 GOAGGAA CDGADGAGGCCGAAAGGCCGAA ADCOCAD 

717 CAGOAGG CDGADGAGGCCGAAAGGCCGAA AGADCDC 

718 ACAGUAG COGADGAGGCCGAAAGGCOGAA AAGADCU 
721 CA CACAG CDGADGAGGCCGAAAGGCCGAA AGGAAGA 
751 ACACC DC CDGADGAGGCCGAAAGGCCGAA ADGOCCD 
759 CGDGAAA CDGADGAGGCCGAAAGGCCGAA ACAOCOC 

761 CCCGUA CDGADGAGGCCGAAAGGCCGAA ADEACACC 

762 DCCCGCG OX5ADGAGGCCGAAAGGCCGAA AADACAC 

763 GOCCCGQ CDGADGAGGCCGAAAGGCCGAA AAAOACA 
792 CGAAAAG CDGADGAGGCCGAAAGGCCGAA AGCC0CG 

795 DDGC GAA CDGADGAGGCCGAAAGGCCGAA AGGAGCC 

796 C ODGC GA CDGADGAGGCCGAAAGGCCGAA AAGGAGC 

797 GCODGCG CDGADGAGGCCGAAAGGCCGAA AAAGGAG 

798 AGCODGC OJGADGAGGCCGAAAGGCCGAA AAAAGGA 
829 GGAACAC CDGADGAGGCCGAAAGGCCGAA ADGGC CA 

834 GG0CCGG CDGADGAGGCCGAAAGGCCGAA ACACAAD 

835 GGGUCCG CDGADGAGGCCGAAAGGCCGAA AACACAA 
645 GCGOAGG CDGADGAGGCCGAAAGGCCGAA AGGGGOC 
849 GDCDGCG CDGADGAGGCCGAAAGGCCGAA AGGGAGG 
872 * CGCACAG CDGADGAGGCCGAAAGGCCGAA AGCCDGC 
883 GODGGA CDGADGAGGCCGAAAGGCCGAA ACACGCA 
88 5~ CDGCACG CDGADGAGGCCGAAAGGCCGAA AGACACG 

905 CGGDCGG CDGADGAGGCCGAAAGGCCGAA AGGCCGC 

906 CCGGOCG CDGADGAGGCCGAAAGGCCGAA AAGGCCG 
919 GCDCACD CDGADGAGGCCGAAAGGCCGAA AGCOCCC 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



c 

237 



PCT/IB95/00156 



935 GUACUGG CUGAUGAGGCCGAAAGGCCGAA AUUCCAU 

937 GGUACUG CUGAUGAGGCCGAAAGGCCGAA AAUUCCA 

942 UGGCAGG COGADGAGGCCGAAAGGCCGAA ACUGGAA 

953 UCGUCUG CUGAUGAGGCCGAAAGGCCGAA ADCUGGC 

962 CGGUGAC CUGAUGAGGCCGAAAGGCCGAA APCGUC U 

965 AUCCGGU CUGAUGAGGCCGAAAGGCCGAA ACGAUCG 

973 UCUCCUC CUGAUGAGGCCGAAAGGCCGAA AUCCGGU 

986 GUCCUUU CUGAUGAGGCCGAAAGGCCGAA ACGUUUC 

996 GGUCUCA CUGAUGAGGCCGAAAGGCCGAA ACGUCCU 

1005 GCUCUUG CUGAUGAGGCCGAAAGGCCGAA AGGUCUC 

1006 UGCUCUU CUGAUGAGGCCGAAAGGCCGAA AAGGUCJ 
1015 UCUUCAU CUGAUGAGGCCGAAAGGCCGAA ADGCUCU 
1028 CUGAAAG CUGAUGAGGCCGAAAGGCCGAA ACUCUUC 

1031 CCGCUGA CUGAUGAGGCCGAAAGGCCGAA AGGACUC 

1032 UCCGCUG CUGAUGAGGCCGAAAGGCCGAA AAGGACU 

1033 GUCCGCU CUGAUGAGGCCGAAAGGCCGAA AAAGGAC 
1058 CGAGGUG CUGAUGAGGCCGAAAGGCCGAA AGGCCGG 
1064 AUGCGUC CUGAUGAGGCCGAAAGGCCGAA AGGUGGA 
1072 GCACAGC OX3AUGAGGCCGAAAGGCCGAA AUGCGUC 

1082 CUGCGGG CUGAUGAGGCCGAAAGGCCGAA AGGCACA 

1083 GCUGOGG CUGAUGAGGCCGAAAGGCCGAA AAGGCAC 
1092 AGAAGCU CUGAUGAGGCCGAAAGGCCGAA AGCUGCG 

1097 GGGACAG CUGAUGAGGCCGAAAGGCCGAA AGCUGAG 

1098 GGGGACA CUGAUGAGGCCGAAAGGCCGAA AAGCUGA 
1102 GCUUGGG CUGAUGAGGCCGAAAGGCCGAA ACAGAAG 
1125 AAAGGGA CUGAUGAGGCCGAAAGGCCGAA AGGGCUG 
1127 GUAAAGG CUGAUGAGGCCGAAAGGCCGAA AUAGGGC 
1131 UGACGOA CUGAUGAGGCCGAAAGGCCGAA AGGGAUA 
U32 AUGACGU CUGAUGAGGCCGAAAGGCCGAA AAGGGAU 
1133 GAUGACG CUGAUGAGGCCGAAAGGCCGAA AAAGGGA 
1137 CAGGGAU CUGAUGAGGCCGAAAGGCCGAA ACGUAAA 
U40 GCUCAGG CUGAUGAGGCCGAAAGGCCGAA AUGACGU 
1153 CAUAGUU CUGAUGAGGCCGAAAGGCCGAA AUGGUGC 
1158 CUCAUCA CUGAUGAGGCCGAAAGGCCGAA AGUUGAU 
U67 GGUGGGA CUGAUGAGGCCGAAAGGCCGAA ACUCAUC 
1163 UGGUGGG CUGAOGAGGCCGAAAGGCCGAA AACUCAU 
1169 AUGGUGG CUGAUGAGGCCGAAAGGCCGAA AAACUCA 

1182 AGAAGGA CUGAUGAGGCCGAAAGGCCGAA ACACCAU 

1183 CAGAAGG CUGAUGAGGCCGAAAGGCCGAA AACACCA 

1184 CCAGAAG CUGAUGAGGCCGAAAGGCCGAA AAACACC 
1187 UGCCCAG CUGAUGAGGCCGAAAGGCCGAA AGGAAAC 
U88 CUGCCCA CUGAUGAGGCCGAAAGGCCGAA AAGGAAA 
1198 CCUGGCU CUGAUGAGGCCGAAAGGCCGAA AUCUGCC 
1209 CAAGGCC CUGAUGAGGCCGAAAGGCCGAA AGGCCUG 
1215 CGGGGCC CUGAUGAGGCCGAAAGGCCGAA AGGCCGA 
1229 ACUUGGG CUGAUGAGGCCGAAAGGCCGAA AGGGGCC 
1237 . CX3GGCAG CUGAUGAGGCCGAAAGGCCGAA ACUUGGG 
1250 GGGGCUG CUGAUGAGGCCGAAAGGCCGAA AGCCUGG 
1268 AUGGCU5 CUGAUGAGGCCGAAAGGCCGAA AGCAGGG 



SUBSTITUTE SHEET (RULE 26) 



c c 

WO 95/23225 PCT/IB95/00156 

238 

1279 GAGCOGA CDGADGAGGCCGAAAGGCCGAA ACCADGG 

1281 CAGAGCD CDGADGAGGCCGAAAGGCCGAA ADACCAU 

1286 DGG GCCA CDGADGAGGCCGAAAGGCCGAA AGCOGAD 

1309 GGACDSG CDGADGAGGCCGAAAGGCCGAA ACAGGGG 

1315 GGGCDAG CDGADGAGGCCGAAAGGCCGAA ACOGGGA 

1318 COGGGGC CDGADGAGGCXGAAAGGCCGAA AGGACOG 

1331 GCCOGAG CD3ADSAGGCCGAAAGGCCGAA AGGGCCU 

1334 ACAGCCD CDGADGAGGCCGAAAGGCCGAA AGGAGGG 

1389 GGCCDCD CDGADGAGGCCGAAAGGCCGAA ACAGCGU 

1*13 ADCADCA aXSADGAGGCCGAAAGGCCGAA ACOGCAG 

1*1* CADCADC CD3ADGAGGCCGAAAGGCCGAA AACDGCA 

1*37 GOCAAGC OTSADGAGGCCGAAAGGCCGAA AGGCCCC 

1**1 DGODGCC CDGADGAGGCCGAAAGGCCGAA AGCAAGG 

1467 GOCOGOG CDSADGAGGCXGAAAGGCCGAA ACACAGC 

1*68 GGOCDGD CDGADGAGGCCGAAAGGCCGAA AACACAG 

1*82 GCCGACG CDGADGAGGCCGAAAGGCCGAA ADGCCAG 

1486 AG0O3DC CDGADGAGGOOGAAAGGCOGAA ACGGADG 

1*3* AAACDOG CDGADGAGGCCGAAAGGCCGAA A GDUSD C 

1500 CDSCDGA aX3ADGAGGC03AAAGCXX3GAA ACDCGGA 

1501 GCDGCDG CDGADGAGGCCGAAAGGCCGAA AACDCGG 

1502 AGCDGCD CDGADGAGGCCGAAAGGCCGAA AAACDCG 
1 S2S CCACAGG CDGADGAGGCCGAAAGGCCGAA ADGCCCD 
1566 COCAGGG CDGADGAGGCCGAAAGGCCGAA ACDCCAD 
1577 CGAC OOA CDGADGAGGCCGAAAGGCCGAA A GC COCA 
1579 GGOGAGa CDGADGAGGCCGAAAGGCCGAA ADAGCCU 
I 583 ACDAGGC CDGADGAGGCCGAAAGGCCGAA AGDOADA 
iS88 COGOCAC CDGADGAGGCCGAAAGGCCGAA AGGCGAG 
1622 GGAGCAG OX3ADSAGGCCGAAAGGCCGAA AGCOGGG 
1«8 C CCAGOG OTGADGAGGCGGAAAGGCCGAA AGCAGGA 
1648 CADDSGG OTGADGAGGCCGAAAGGCCGAA AGCCCCG 
1660 CDGAAAG CDGADGAGGCCGAAAGGCCGAA AGGCCAD 

1663 CDCCDGA CDGADSAGGCCGAAAGGCCGAA AGGAGGC 

1664 UJUCCUS COSA0SAGGCCGAAAGGCCGAA AAGGAGG 

1665 ADCOCCa CDGADGAGGCCGAAAGGCCGAA AAAGGAG 
I 680 GGAGGAG CDGADGAGGCCGAAAGGCCGAA AGDCDDC 
l fi8 l DSG A GGA CDGADSAGGCCGAAAGGCCGAA AAGOC UU 
i683 AADSGAG CDGADSAGGCCGAAAGGCCGAA AGAAGDC 
1686 CGCAADG CDGADGAGGCCGAAAGGCCGAA AGGAGAA 
l fi9 ° WU U UUC CDGADGAGGCCGAAAGGCCGAA ADGGAGG 

1704 GGOTAG CDGADSAGGCCGAAAGGCCGAA AGOCCAU 

1705 GGGCDGA CDSAOSAGGCXGAAAGGCCGAA AAGDCCA 
I 707 CAGGGCD CDGADSAGGCCGAAAGGCCGAA AGAAGDC 
1721 COGADCD CDGADSAGGCCGAAAGGCCGAA ACDCAGC 
1726 AGGAGCD CDSADSAGGCCGAAAGGCCGAA ADGDGAC 
1731 UXHUAG CDSADSJGGCCGAAAGGCCGAA AGCDGAD 
1734- ACCCCCU CDGADGAGGCCGAAAGGCCGAA AGGAGCD 
1754 COCDGGG CDGADGAGGCCGAAAGGCCGAA AGGGCAG 
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Table 23: Human TNP-a HH Ribozyme Target Sequence 



nt • KB Target Sequence 
Position 

28 GGCAGGU U L U L UU CC 

29 GCAGGUU C ULUULLU 
31 AGGUCCU C UULLULU 

33 GUUCUCU 0 CCUCOCA 

34 UUCUCUU C CUCOCAC 
37 U L UUCLU C OCACADA 
39 UUCCUCU C ACADACU 
44 COCACAU A COSACCC 
58 CACGGCU C CACCCOC 
65 CCACCCU C OC UCLLL 
67 ACCCOCU C UCCCCDG 
69 CCUCUCU C CCCOGGA 

106 GCAUGAU C OGGQAOG 

136 AGGCGCU C CCCAAGA 

165 CAGGGCU C CAGGCGG 

177 CGGOGCU U GUU LL UC 

180 UGcaroa u ccocagc 

181 GCUCGUU C COCAGCC 
184 U U UUCLU C AGCCOCU 
190 UCAGCCU C UOC U OL U 

192 AGCCOCU U CUCLUUL 

193 GC C UCU U C OCCCOCC 
195 CUCUCCU C LUULLU; 

198 UUCUCCU U CCCGADC 

199 ULULLUU C LU UAU LU 
205 UCCDGAD C GUGGCAG 
226 CCACGCU C UOCDGCC 

228 ACGCUCU U LUUXUi 

229 CGC OC UU C OGCCOTC 

243 COGCACU U UGGAGUG 

244 UGCACUU a GGAGOGA 
253 GAGOGAU C GGC C CC C 
273 GAAGAGU C CCCCAGG 
286 GGGACCU C ULULUA A 
288 GACCUCU C UCUAADC 
290 CCUCUCU C UAADCAG 
292" " UCUCUCU A AUCAGCC 
295 OJCUAAU C A GC CC U L 

302 cagcccu c oggccca 



at, HH Target Sequence 

Position 



321 


GOCAGAU C ADCCDCU 


324 


AGAOCMJ C OUCCCGA 


326' 


AOCAUCU U CUCGAAC 


327 


UCAUCUU C OCGAACC 


329 


AUCCUCU C GAACCCC 


352 


AGCCUGU A GCCCA0G 


361 


CCCAOGU U GCRfiCAA 


364 


AUUJUUU A GCAAACC 


374 


AAAOCCU C AAGCUGA 


391 


GGCAGCU C CAG3GSC 


421 


ADGCCCU C COGGCCX 


449 


GAGACATJ X ZCOGCTJ 


468 


GUGCCAJJ c VSVfisrv* 


480 




484 




487 




489 




492 




499 




502 




504 


GUCCULU U CAAGGGT 


505 


*" w >• /VwJwUV«w 


525 


OGCCCCU C CACCCAJU 


538 


A0GUGCU C CUCACCC 


541 


3SC0CCU C ACCCACA 


553 


ACACCAU C AGCCGCA 


562 


GCCGCAU C GCCGUCU 


568 


OCGCCGU C UCCOACC 


570 


GCCGOCU C CUACCAG 


573 


GUCUCCU A CCAGACC 


586 


CCAAGGU C AACCUCC 


592 


OCAACCU C CUCUCUG 


595 


ACCUCCU C UCUGCCA 


597 


CUCCUCU C UGCCAUC 


C04 


CCGCCAU C AAGAGCC 


657 


CCCUGGU A UGAGCCC 


667 


AGCCCAU C UADCUGG 


669 


CCCAECU A UCCGGGA 
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671 


CADCUAU C UGGGAGG 


960 


682 


GAGGGGU C UUCCAGC 


1001 


684 


GGGGUCU 0 CCAGCUG 


1007 


685 


GGGUCUU C CAGCUGG 


1008 


709 


ACCGACU C AGCGCUG 


1021 


721 


CUGAGAU C A\DOGGC 


1029 


725 


GADCAAU C GGCCCGA 


1040 


735 


CCCGACU A UCDCGAC 


1046 


737 


OGACUAU C OOGACUU 


1047 


739 


ACUAECU C GACUUUG 


1051 


744 


CUCGACU U UGCOGAG 


1060 


745 


UCGACUU U GCOGAGU 


1067 


753 


GCCGAGU C UGGGCAG 


1085 


763 


GGCAGOT C UACUUUG 


1086 


765 


CAGGOCU A CUUUUCjG 


1090 


768 


GUCUACU U UGGGADC 


1091 


769 


3CUACUU U GG5AUGA 


1113 


775 


UUSGGAU C ADUGCCC 


1124 


778 


GGADCAU U GCCCmj 


1129 


801 


CGAACAU C CAACCUU 


1135 


808 


CCAACCU U CCCAAAC 


1151 


809 


CAACCUU C CCAAACG 


1152 


820 


AACGCCU C aJOJUUL' 


1158 


833 


CCCCAAU C CCUUUAU 


1159 


837 


AAOccca a uaduacc 


1162 


838 


adcccuu u AUUACCC 


1164 


839 


TCCCUUU A UUACCCC 


1166 


841 


ccuuuau a ACCCCCU 


U74 


842 


CUUUAUU A CCCCCUC 


1175 . 


849 


ACCCCCU C CUUCAGA 


1176 


852 


eeaxru u cagacac 


1183 


853 


CCIAJLVIU C AGACACC 


1184 


863 


ACACCCU C AACCOOT 


1187 


869 


UCAACCU C UUCUGGC 


1208 


871 


AACCOCU U CUGGCUC 


1224 


872 


ACCUCUU C UGGCUCA 


1228 


878 


LRJUUUAJ C AAAAAGA 


1230 


890 


AGAGAAU U GGGQGCU 


1232 


898 


GGGGGCU 0 AGGSOOG 


1233 


899 


GGGGCUU A GGGOCGG 


1234 


904 


UOAGGGU C GGAACCC 


1238 


917 


CCAACCU U AGAACUU 


1239 


918 


CAAGCUU A GAACUUU 


1245 


924 


UAGAACU U UAAGCAA 


1251 


925 


AGAACUU U AAGCAAC 


1252 


926.. 


GAACUUU A AGCAACA 


1254 


945 


CACCACU U CGAAACC 


1255 


946 


ACCACUU C GAAACCU 


1256 


959 


CUGGGAU U CAGGAAU 


1258 



( 
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UGGGAUU C AGGAAUG 
AACCACU A AGAADUC 
UAAGAAU U CAAACUG 
AAGAAUU C AAACUGG 
GGGGCCU C CAGAACU 
CAGAACU C ACUGGGG 
GGGGCCU A CAGCUUU 
OACAGCU U UGAUCCC 
ACAGCUU U GAUCCCU 
CUUUGAU C CCUGACA 
CUGACAU C UGGAAUC 
CUGGAAU C UGGAGAC 
GGAGCCU U U3GUUCU 
GAGCCUU U GGUUCUG 
CUUUGGU U CCGGCCA 
UUUGGUU C OGGCCAG 
CAGGACU U GAGAAGA 
AAGACCU C ACCUAGA 
CUCACCU A GAAAUUG 
UAGAAAU U GACACAA 
0GGACCU U AGGCCUU 
GGACCUU A GGCCUUC 
UAGGCCU U CCUCUCU 
AGGCCUU C CUCUCUC 
CCUUCCJ C UCUCCAG 
UUCCUCU C 'CCCAGAU 
CCUCUCU C CAGAUGU , 
CAGAUGU U UCCAGAC 
AGADGUU U CCAGACU 
GADGUUU C CAGACUU 
CCAGACU U CCUUGAG 
CAGACUU C CUUGAGA 
ACUUCCU U GAGACAC 
CAGCCCU C CCCADGG 
GCCAGCU C CCUCUAU 
GCUCCCU C UAUUUAU 
UCCCUCU A UUUADGU 
CCUCUAU U UADGUUU 
CCCUAUU U ADGUUUG 
UCUADUU A UGUUUGC 
UUUADGU U UGCACUU 
UUADGUU U GCACUUG 
UUGCACU U GUGAUUA 
UUGCGAU U AUUUAUU 
CGUGAUU A UUUAUUA 
USiOJUAU U UAUUAUU 
GAUUAUU U AUUAUUU 
AUUAUUU A UUAUUUA 
UAUUUAU U AUUUAUU 
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1259 AUUUAUU A UUUADUU 1440 

1261 UUADUAU U UAUUUAD 1441 

1262 UADUADU U AUUUAUU 1446 

1263 ADUADUU A UUUAUUA 1448 

1265 UADUUAU U UADUADU 1449 

1266 ADUUADU U AUUAUUU 1451 

1267 UUUADUU A UUAUUUA 1456 

1269 UAUUUAD U ADUUADU 1457 

1270 ADUUADU A UUUAUUU 1461 

1272 UUADUAD U UADUUAU 1464 

1273 UAUUAUU U ADUUADU 1466 

1274 ADUADUU A UUUADUU 1479 

1276 UADUUAU U UADUUAC 1480 

1277 ADUUADU U ADUUACA 14S4 

1278 UUUADUU A UUUACAG 1498 

1280 UADUUAU U UACAGAU 1501 

1281 ADUUADU U ACAGADG 1512 

1282 UUUADUU A CAGADGA 1517 
1294 tXSAADSU A UUUADUU 1528 

1296 AADGUAU U UADUUGG 1533 

1297 ADGGADU U ADUUGGG 1537 

1298 OSUADUU A UUUGGGA 1540 

1300 UADUUAU U UGQ GA GA 1546 

1301 ADUUADU U GGGAGAC ' 1549 
1315 C C GU j UJ A UCCUGGG 1551 
1317 GGGGUAU C CUGGGGG 1552 
1334 CCAADGU A GGAGCUG 1566 
1345 GCUGCCU U GGCUCAG 1572 
1350 CUUGGCU C AGACADG 1576 

1359 GACADGU U UUC QGUG 1577 

1360 ACADGUU U UCCGUGA 

1361 CADGUUU U OOGUGAA 

1362 ADGUUUU C CGUGAAA 
1386 GAACAAU A GGC U G UU 

1393 AGGCUGU U CCCADGU 

1394 GGCUGUU C CCADGUA 
1401 CCCADGU A GC COCC U 
1414 C D GGCCU C UGUUXU 

1422 UGUGOCU U CUUUUGA 

1423 GttSCOJU C UUUUGAU 

1425 GCCUUCU U UUGADUA 

1426 CCUUCUU U UGADUAU 

1427 CUUCUUU U GADUADG 

1431 UUUUGAD U ADGUUUU 

1432 UUUGADU A UGUUUUU 

1436 AUUADGU U UUUUAAA 

1437 " UUADGUU U UUUAAAA 

1438 UADGUUU U UUAAAAD 
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UGUUUUU U AAAAUAU 
GUUUUUU A AAADADU 
UUAAAAU A UUADCUG 
AAAADAU U AUCUGAU 
AAAUAUU A UCUGAUU 
AUADUAU C UGADUAA 
AUCUGAU U AAGUUGU 
SCUGAUU A AGUUGUC 
ADUAAGU U GUCUAAA 
AAGUUGU C UAAACAA 
GGCGCCU A AACAAUG 
CGCUGAU U UGGUGAC 
GCUGAUU U GGUGACC 
CAACUGU C ACUCAUU 
UGUCACU C AUCGCUG 
CACUCAU U GCCGAGG 
GAGGCCU C UGCUCCC 
CUOXjCU c cccaggg 
AGGGAGU U GCGCCUG 
GUUGUGU C UGUAADC 
UGUCUGU A AUCGGCC 
CTGUAAU C GGCCUAC 
UCGGCCU A CUADUCA 
GCCUACU A UUCAGUG 
CUACUAU U CAGUGGC 
UACUADU C AGCGGCG 
GAGAAAU A AAGGUUG 
UAAAGGU U GCUUAGG 
GGCUGCU U AGGAAAG 
GUUGCUU A GGAAAGA 
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Table 24: Human TNF-a Hammerhead Ribozyme Sequences 



at . HH Ribozymo S«qu«nc« 

Position 

28 GGAAGAG CDGADGAGGCCGAAAGGCCGAA ACCOGCC 

29 AGGAAGA CDG A P3AGG CCG AAAQG C CGAA AACCOGC 
31 AGAGGAA OT3AD3AGGCCGAAAGGCCGAA AGAACCU 

33 DGAGAGG CDGADGAGGCCGAAAGGCCGAA AGAGAAC 

34 GDGAGAG CUGADGAGGCCGAAAGGCCGAA AAGAGAA 
37 UADGUGA CUGADGAGGCCGAAAGGCCGAA AGGAAGA 
39 AGUADGU CDGAD3AGGCCGAAAGGCCGAA AGAGGAA 
44 GGGDCAG CDGADGAGGCCGAAAGGCCGAA ADGOGAG 
58 GAGGGOG CDGATOAGGCCGAAAGGCCGAA AGCGGUG 
65 GGGGAGA CDGADGAGGCCGAAAGGCCGAA AGGGDGG 
67 CAGGGGA CDGAD3AGGCCGAAAGGCCGAA AGAGGGU 
69 DCCAGGG CDGADGAGGCCGAAAGGCCGAA AGAGAGG 

106 CG(XCU i CDGAD3AGGCCGAAAGGCCGAA ADGADGC 

136 UCODGGG COTADGAGGCCGAAAGGCCGAA AGCGCCU 

165 CCGCCOG CDGADGAGGCCGAAAGGCCGAA AGCCCOG 

177 GAGGAAC CTOADGAGGCCGAAAGGCCGAA AGCACCG 

180 GCDGAGG CDGADGAGGCCGAAAGGCCGAA ACAAGCA 

181 GGCDGAG CUGADGAGGCCGAAAGGCCGAA AACAAGC 
184 AGAGGCXT CUGADGAGGCCGAAAGGCCGAA AGGAACA 
190 AGGAGAA CDGADGAGGCCGAAAGGCCGAA AGGCDGA 

192 GAAGGAG CDGADGAGGCCGAAAGGCCGAA AGAGGCU 

193 GGAAGGA CDGADGAGGCCGAAAGGCCGAA AAGAGGC 
195 CAGGAAG CDGADGAGGCCGAAAGGCCGAA AGAAGAG 

198 GADCAGG CDGADGAGGCCGAAAGGCCGAA AGGAGAA 

199 ' CGADCAG CDGADGAGGCCGAAAGGCCGAA AAGGAGA 
205 CDGCCAC CDGADGAGGCCGAAAGGCCGAA ADCAGGA 
226 GGCAGAA COGAD3AGGCCGAAAGGCCGAA AGCGOGG 

228 CAGGCAG CDGADGAGGCCGAAAGGCCGAA AGAGCGU 

229 GCAGGCA CDGADGAGGCCGAAAGGCCGAA AAGAGCG 

243 CACDCCA CDGADGAGGCCGAAAGGCCGAA AGDGCAG 

244 OCACDCC COGAD3AGGCCGAAAGGCCGAA AAGDGCA 
253 GGGGGCC CDGADGAGGCCGAAAGGCCGAA ADCACDC 
273 CCDGGGG CDGADGAGGCCGAAAGGCCGAA ACDCDDC 
286 UUAGAGA CDGADGAGGCCGAAAGGCCGAA AGGDCCC 
288 GADUAGA CDGADGAGGCCGAAAGGCCGAA AGAGGDC 
290 CDGADDA CDGADGAGGCCGAAAGGCCGAA AGAGAGG 
292 - GGCOGAD CDGADGAGGCCGAAAGGCCGAA AGAGAGA 
295 GAGGGCD CDGADGAGGCCGAAAGGCCGAA AUUAGAG 
302 DGGGCCA CDGADGAGGCCGAAAGGCCGAA AGGGCDG 
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321 AGAAGAU CUGADGAGGCCGAAAGGCCGAA ADCDGAC 

324 UCGAGAA CUGADGAGGCCGAAAGGCCGAA ADGADCU 

326 GUUCGAG CUGADGAGGCCGAAAGGCCGAA AGADGAU 

327 GGUUCGA CUGADGAGGCCGAAAGGCCGAA AAGAUGA 
329 GGGGUUC CUGAD3AGGCXSAAAGGCCGAA AGAAGAU 
352 CADGGGC CUGAD3AGGCCGAAAGGCCGAA ACAGGCU 

, 361 UDGCUAC CUGADGAGGCCGAAAGGCCGAA ACADGGG 

364 GGUUUGC CUGADGAGGCCGAAAGGCCGAA ACAACAU 

374 UCAGCUU CUGADGAGGCCGAAAGGCCGAA AGGGUUU 

391 GCCACOG CUGADGAGGCCGAAAGGCCGAA AGCDGCC 

421 UGGCCAG CUGADGAGGCCGAAAGGCCGAA AGGGCAU 

449 AGCUGGU CUGADGAGGCCGAAAGGCCGAA ADCUCUC 

468 GCCCUOJ CUGADGAGGCCGAAAGGCCGAA ADGGCAC 

480 GADGAGG CUGADGAGGCCGAAAGGCCGAA ACAGGCC 

484 AGUAGA0 OX3ADGAGGCCGAAAGGCCGAA AGGQACA 

487 GGGAGUA CUGADGAGGCCGAAAGGCCGAA ADGAGGU 

489 CUGGGAG CDGADGAGGCCGAAAGGCCGAA AGADGAG 

492 GACCDGG CUGADGAGGCCGAAAGGCCGAA AGQAGA0 

499 UGAAGAG CUGADGAGGCCGAAAGGCCGAA ACCDGGG 

502 CCUUGAA CUGADGAGGCCGAAAGGCCGAA AGGACOT 

504 GCCCUUG CUGADGAGGCCGAAAGGCCGAA AGAGGAC 

505 GGCCCUU CUGADGAGGCCGAAAGGCCGAA AAGAGGA 
525 ATOGGOG CUGADGAGGCCGAAAGGCCGAA AGGGGCA 
538 GGGUGAG CUGADGAGGCCGAAAGGCCGAA AGCACAD 
541 UGDGGGQ CUGADGAGGCCGAAAGGCCGAA AGGAGCA 
553 UGCGGCU CUGADGAGGCCGAAAGGCCGAA ADGGUGD 

562 AGACGGC CUGADGAGGCCGAAAGGCCGAA ADGCGGC 

563 GGUAGGA CDGADGAGGCCGAAAGGCCGAA ACGGCGA 
570 CCGGUAG CUGADGAGGCCGAAAGGCCGAA AGACGGC 
573 GGUCGGG CUGADGAGGCCGAAAGGCCGAA AGGAGAC 
586 GGAGGUU CUGADGAGGCCGAAAGGCCGAA ACCUUGG 
592 CAGAGAG CUGADGAGGCCGAAAGGCCGAA AGG UU GA 
595 UGGCAGA CUGADGAGGCCGAAAGGCCGAA AGGAGGU 
597 GADGGCA CUGADGAGGCCGAAAGGCCGAA AGAGGAG 
604 GGCUCUU CUGADGAGGCCGAAAGGCCGAA ADGGCAG 
657 GGGCUCA CUGADGAGGCCGAAAGGCCGAA ACCAGGG 
667 CCAGADA CUGADGAGGCCGAAAGGCCGAA ADGGGCU 
669 UOCCAGA CUGADGAGGCCGAAAGGCCGAA AGADGGG 
671 CCUCCCA CUGADGAGGCCGAAAGGCCGAA ADAGADG 
682 GCUGGAA COGADGAGGCCGAAAGGCCGAA ACCCCUC 

684 CAGCDGG CUGADGAGGCCGAAAGGCCGAA AGACCCC 

685 CCAGCUG CUGADGAGGCCGAAAGGCCGAA AAGACCC 
709 CAGCGCU CUGADGAGGCCGAAAGGCCGAA AGOCGGQ 
721 GCCGADU CUGADGAGGCCGAAAGGCCGAA ADCUCAG 
725 UCGGGCC CUGADGAGGCCGAAAGGCCGAA ADUGADC 
735 GUCGAGA CUGADGAGGCCGAAAGGCCGAA AGUCGGG 
737^ AAGDCGA CUGADGAGGCCGAAAGGCCGAA AUAGUCG 
739 CAAAGUC CUGADGAGGCCGAAAGGCCGAA AGADAGU 
744 CUCGGCA CUGADGAGGCCGAAAGGCCGAA AGUCGAG 
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745 A C DC GG C CDGADGAGGCCGAAAGGCCGAA AAGUCGA 

753 CDGCCCA CDGADGAGGCCGAAAGGCCGAA ACDCGGC 

763 CAAAGUA CDGADGAGGCCGAAAGGCCGAA ACCUGCC 

765 CCCAAAG CDGAD3AGGCCGAAAGGCCGAA AGACCUG 

768 GADCCCA CDGADGAGGCCGAAAGGCCGAA AGUAGAC 

769 DGADCCC CDGADGAGGCCGAAAGGCCGAA iAGOAGA 
775 GGGCAAD CDGADGAGGCCGAAAGGCCGAA AECCCAA 
778 ACAGGGC CDGADGAGGCCGAAAGGCCGAA ADGADCC 
801 AAGGDDG CDGADGAGGCCGAAAGGCCGAA ADGUDCG 

808 UJUUUUi cogadgaggccgaaaggccgaa aggudgg 

809 CUUUUUi CDGADGAGGCCGAAAGGCCGAA AAGGOCG 
820 GGCAGGG CDGADGAGGCCGAAAGGCCGAA AGGCGUU 
833 ADAAAGG COTtfWAGGCCGAAAGGCCGAA ACCGGG6 

837 GGOAADA CDGADGAGGCXGAAAGGCCGAA AGGGADU 

838 GGGCAAU CDGADGAGGCCGAAAGGCCGAA AAGGGAU 

839 GGGGOAA CDGADGAGGCCGAAAGGCCGAA AAAGGGA 

841 AGGGGGU CDGADGAGGCCGAAAGGCCGAA ADAAAGG 

842 GAGGGG G CDGADGAG GC C GA AAGGCCGAA AADAAAG 
849 DCUGAAG CDGADGAGGCCGAAAGGCCGAA AGGGGGU 

852 GDGDCDG CDGADGAGGCCGAAAGGCCGAA AGGAGGG 

853 GUJUICU CDGADGAGGCCGAAAGGCCGAA AAGGAGG 
863 AGAGGDD CDGADGAGGCCGAAAGGCCGAA AGGGDGU 
869 GCCAGAA CDGADGA GG CCGAAAGGCCGAA AGGUUGA 

871 GAGCCAG CTGADGAGGCCGAAAGGCCGAA AGAGGDU 

872 OGAGCCA CDGADGAGGCCGAAAGGCCGAA AAGAGGU 
878 UCUUUUU CDGADGAG GC C GA AAGGCCGAA AGCCAGA 
890 AGCCCCC CDGADGAGGCCGAAAGGCCGAA ADDCDCU 

898 CGACCCU CDGADGAGGCCGAAAGGCCGAA A GC CCCC 

899 CCGACCC CDGADGAGGCCGAAAGGCCGAA AAGCCCC 
904 GGGDDCC CDGADGAGGCCGAAAGGCCGAA ACCCUAA 

917 AAGDDCU CDGADGAGGCCGAAAGGCCGAA AGCDDGG 

918 AAAGDDC COGADGAGGQCGAAAGGCCGAA AAGCUDG 

924 DDGCUDA CDGADGAGGCCGAAAGGCCGAA AGDDCUA 

925 GDDGCDU CDGADGAGGCC GA AAGGCCGAA AAGCUCU 

926 UGUOGCU CDGADGAGGCCGAAAGGCCGAA AAAGDDC 

945 GGOODCG CDGADGAGGCCGAAAGGCCGAA AGDGGDG 

946 AGSOUDC CDGADGAGGCCGAAAGGCCGAA AAGDGGU 

959 ADOCCOG CDGADGAGGCCGAAAGGCCGAA ADCC CA G 

960 CADOCCU CDGADGAGGCCGAAAGGCCGAA AACCCCA 
1001 GAADUCD CD GADGAGGC CG AAAGGCCGAA AGDGGDU 

1007 CAGDDDG CDGADGAGGCCGAAAGGCCGAA ADDCDUA 

1008 CCAGDDU CDGADGAGGCCGAAAGGCCGAA AADUCUU 
1021 AGODCDS CDGADGAGGCC GA AAGGCCGAA AGGCCCC 
1029 CCCCAGU CDGADGAGGCCGAAAGGCCGAA AGCDCDG 
1040 AAAGCDG CDGADGAGGCCGAAAGGCCGAA AGGCCCC 
1046- GGGADCA CDGADGAGGCCGAAAGGCCGAA AGCUGOA 
1047 AGGGADC CDGADGAGGCCGAAAGGCCGAA AAGCOGU 
1051 DGUCAGG CDGADGAGGCCGAAAGGCCGAA ADCAAAG 
1060 GADUCCA CDGADGAGGCCGAAAGGCCGAA ADGDCAG 
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1067 GUCDCCA CUGAOSAGGCCGAAAGGCCGAA ADUCCAG 

1085 AGAACCA CUGADGAGGCCGAAAGGCCGAA AGGCUCC 

1086 CAGAACC CUGAOSAGGCCGAAAGGCCGAA AAGGCUC 

1090 UGGCCAG CUGAOSAGGCCGAAAGGCCGAA ACCAAAG 

1091 CUGGCCA CUGAOSAGGCCGAAAGGCCGAA AACCAAA 
1113 UCUUCUC CUGADGAGGCCGAAAGGCCGAA AGUCCUG 
1124 UCDAGGU OXSAOSAGGCCGAAAGGCCGAA AGGUCUU 
1129 CAAUUUC COSAOSAGGCCGAAAGGCCGAA AGGUGAG 
1135 UOGOSUC CUGAOSAGGCCGAAAGGCCGAA ADU U CUA 

1151 AAGGCCQ COSADGAGGCCGAAAGGCCGAA AGGUCCA 

1152 GAAGGCC COSAOSAGGCCGAAAGGCCGAA AAGGOCC 

1158 AGAGAGG COSAOSAGGCCGAAAGGCCGAA AGGCC U A 

1159 GAGAGAG CUGAOSAGGCCGAAAGGCCGAA AAGGCOJ 
U62 COGGAGA CUGAOSAGGCCGAAAGGCCGAA AGGAAGG 
1164 ADCOSGA CUGAOSAGGCCGAAAGGCCGAA AGAGGAA 
1166 ACADCUG CUGAOSAGGCCGAAAGGCCGAA AGAGAGG 

1174 GOCOGGA CUGAOSAGGCCGAAAGGCCGAA ACADCUG 

1175 AGOCOGG CUGAOSAGGCCGAAAGGCCGAA AACAUCU 

1176 AAGUCUS COSAOSAGGCCGAAAGGCCGAA AAACAOC 
1183 COCAAGG COGATCAGGCCGAAAGGCCGAA AGUCUGG 
U84 UCUCAAG CUGAOSAGGCCGAAAGGCCGAA AAGUCUG 
1187 GOGfUCUC CUGADGAGGCCGAAAGGCCGAA AGGAAGU 
1208 CCAUGGG CUGAOSAGGCCGAAAGGCCGAA AGGGCUG 
1224 AGAGAGG CUGAUGAGGCCGAAAGGCCGAA AGCUGGC 
1228 ADAAADA COSAOSAGGCCGAAAGGCCGAA AGGGAGC 
1230 ACADAAA COSADGAGGCCGAAAGGCCGAA AGAGGGA 

1232 AAACADA CUGAOSAGGCCGAAAGGCCGAA ADAGAGG 

1233 CAAACAD CUGAOSAGGCCGAAAGGCCGAA AAUAGAG 

1234 GCAAACA CUGAOSAGGCCGAAAGGCCGAA AAAUAGA 

1238 AAGUGCA CUGAOSAGGCCGAAAGGCCGAA ACADAAA 

1239 CAAGOGC COSAOSAGGCCGAAAGGOCGAA AACADAA 
1245 UAADCAC COSADGAGGCCGAAAGGCCGAA AGOGCAA 

1251 AADAAAU CUGAOSAGGCCGAAAGGCCGAA AOCACAA 

1252 UAADAAA COSAOSAGGCCGAAAGGCCGAA AADCACA 

1254 AADAADA CUGAOSAGGCCGAAAGGCCGAA AUAADCA 

1255 AAADAAU CUGAOSAGGCCGAAAGGCCGAA AADAADC 

1256 UAAAOAA CUGAOSAGGCCGAAAGGCCGAA AAADAAU 

1258 AADAAAU COSADGAGGCCGAAAGGCCGAA ADAAADA 

1259 AAADAAA COSADGAGGCCGAAAGGCCGAA AADAAAU 

1261 ADAAADA COSAOSAGGCCGAAAGGCCGAA ADAAOAA 

1262 AADAAAU COSAOSAGGCCGAAAGGCCGAA AAUAAUA 

1263 UAADAAA COSAOSAGGCCGAAAGGCCGAA AAADAAU 

1265 AADAADA COSAOSAGGCCGAAAGGCCGAA ADAAADA 

1266 AAADAAU COSAOSAGGCCGAAAGGCCGAA AADAAAU 

1267 UAAAUAA COSAOSAGGCCGAAAGGCCGAA AAADAAA 
1269 AADAAAU COSADGAGGCCGAAAGGCCGAA ADAAADA 
1270.. AAADAAA COSADGAGGCCGAAAGGCCGAA AADAAAU 

1272 ADAAADA CUGAOSAGGCCGAAAGGCCGAA ADAADAA 

1273 AADAAAU CUGAOSAGGCCGAAAGGCCGAA AADAADA 
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1274 AAADAAA COGADGAGGCCGAAAGGCCGAA AAADAAU 

1276 GOAAADA COGADGAGGCCGAAAGGCCGAA ADAAADA 

1277 OSOftA AU CDGADSAGGCCGAAAGGCCGAA AADAAAD 

1278 CD3DAAA CDGADSAGGCCGAAAGGCCGAA AAADAAA 

1280 AOCOGOA CDGADSAGGCCGAAAGGCCGAA ADAAADA 

1281 CADCOGO CDGADSAGGCCGAAAGGCCGAA AADAAAX7 

1282 OCADCOG OX5AD3AGGCCGAAAGGCCGAA AAADAAA 
1294 AAADAAA CO&AD3AGGCCGAAAGGCCGAA ACADCCA 

1296 CCAAAOA CDGADSAGGCCGAAAGGCCGAA ADACADU 

1297 CCCAAAD COGADGAGGCCGAAAGGCCGAA AADACAD 

1298 OCCCAAA COG A DGAG G CCGAAAGGCCGAA AAADACA 

1300 K UJ UCA COGADGAGGCCGAAAGGCCGAA ADAAADA 

1301 GGCOCCC CDGADSAGGCCGAAAGGCCGAA AADAAAD 
131S CCCAGGA COGADGAGGCCGAAAGGCCGAA ACCCCGG 
1317 CCCCCAG COGADGAGGCCGAAAGGCCGAA ADACCCC 
1334 CAGCOCC COSADSAGGCCGAAAGGCCGAA ACADOGG 
1345 COSAGCC COGADGAGGCCGAAAGGCCGAA AGGCAGC 
1350 CADGOCO COGADGAGGCCGAAAGGCCGAA AGCCAAG 

1359 CACGGAA COGADGAGGCCGAAAGGCCGAA ACADSOC 

1360 OCAC GGA COGADGAGGCCGAAAGGCCGAA AACADGO 

1361 UUCAC GG COGADGAGGCCGAAAGGCCGAA AAACAOG 

1362 OOCCACG COGADGAGGCCGAAAGGCCGAA AAAACAD 
1386 AACAGCC COGADGAGGCCGAAAGGCCGAA ADOGUOC 
1353 ACADGGG CDGADSAGGCCGAAAGGCCGAA ACAGCCU 
1394 QACAD3G CDGADSAGGCCGAAAGGCCGAA AACAGCC 
1401 AGGGGGC CDGADSAGGCCGAAAGGCCGAA ACADGGG 
1414 AGGCACA CDGADSAGGCCGAAAGGCCGAA AGGCCAG 

1422 OCAAAAG CDGADSAGGCCGAAAGGCCGAA AGGCACA 

1423 ACCAAAA CDGADSAGGCCGAAAGGCCGAA AAGGCAC 
!425 UAADCAA CDGADSAGGCCGAAAGGCCGAA AGAAGGC 

1426 ADAADCA CDGADSAGGCCGAAAGGCCGAA AAGAAGG 

1427 CADAADC CDGADSAGGCCGAAAGGCCGAA AAAGAAG 
143 * AAAACAD COGADGAGGCCGAAAGGCCGAA ADCAAAA 
1432 AAAAACA CDGADSAGGCCGAAAGGCCGAA AADCAAA 

1436 OUOAA AA COGADGAGGCCGAAAGGCCGAA ACADAAD 

143 7 U wuuaA A COGADGAGGCCGAAAGGCCGAA AACADAA 

1438 AOuuuaA COGADGAGGCCGAAAGGCCGAA AAACADA 

1439 UADOOTA CDGADSAGGCCGAAAGGCCGAA AAAACAD 

1440 ADADUOO COGADGAGGCCGAAAGGCCGAA AAAAACA 

1441 AADADUU COGADGAGGCCGAAAGGCCGAA AAAAAAC 
1446 CAGADAA CDGADSAGGCCGAAAGGCCGAA AUUUUA A 

1448 ADCAGAD COGADGAGGCCGAAAGGCCGAA ADADOOO 

1449 AADCAGA CDGADSAGGCCGAAAGGCCGAA AADADOU 
1451 OOAADCA COGADGAGGCCGAAAGGCCGAA AOAABAD 

1456 ACAACOO COGADGAGGCCGAAAGGCCGAA ADCAGAD 

1457 GACAACO CDGADSAGGCCGAAAGGCCGAA AADCAGA 
1461 OODAGAC CDGADSAGGCCGAAAGGCCGAA ACOOAAD 
1464 ODGTODA CDGADSAGGCCGAAAGGCCGAA ACAACOD 
1466 CADOGOU CDGADSAGGCCGAAAGGCCGAA AGACAAC 
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GOCACCA CUGADGAGGCCGAAAGGCCGAA AUCAGCA 
GGUCACC CUGAU3AGGCCGAAAGGCCGAA AADCAGC 
AADGAGU CUGADGAGGCCGAAAGGCCGAA ACAGOUG 
CAGCAAU COTADGAGGCCGAAAGGCCGAA AGUGACA 
CCUCAGC CUGADGAGGCCGAAAGGCCGAA ADGAGUG 
GGGAGCA CUGADGAGGCCGAAAGGCCGAA AGGCCUC 
CCCUGGG CUGADGAGGCCGAAAGGCCGAA AGCAGAG 
CAGACAC CUGATOAGGCCGAAAGGCCGAA ACUCCCU 
GADOACA CtJGATCAGGCCGAAAGGCCGAA ACACAAC 
GGCCGAO CUGADGAGGCCGAAAGGCCGAA ACAGACA 
GOAGGCC CUGADGAGGCCGAAAGGCCGAA ADUACAG 
UGAADAG CUGADGAGGCCGAAAGGCCGAA AGGCCGA 
CACUGAA CDGADGAGGCCGAAAGGCCGAA AGUAGGC 
GCCACUG CDGADGAGGCCGAAAGGCCGAA AUAGUAG 
CGCCACU CDGADGAGGCCGAAAGGCCGAA AAUAGUA 
CAACCUU CUGADGAGGCCGAAAGGCCGAA AUUUCUC 
CCOAAGC CDGADGAGGCCGAAAGGCCGAA ACCUUUA 
CUUUCCU CDGADGAGGCCGAAAGGCCGAA AGCAACC 
UCJUUUCC CUGADGAGGCCGAAAGGCCGAA AAGCAAC 
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Table 25: Mouse TNF-a EE Target Sequences 



at* 


BE Target S«qu«nc* 


at. 


Poaitioa 




Position 




TTm^?^ & %. a • ^^^^ K 

VJgvaAAAU & VaCUCCCA 


324 


101 




347 






364 




GCAGGUU C UgOcCCO 


366 




gCAGgUU c ugOOCCU 


366 




GUDCOgU e 0C0UDCA 


369 


1 1 A 


OgUcCCT u flCACucA 


376 


in 


gucccuu u cacuCAC 


390 


111 


gucccutj u cacucac 


396 


110 




401 


1 1 £ 


0U0CACC7 C AcUGgcc 


404 


137 


GCCaCAD C uCCcOCc 


406 




caCAuCU C CCOCcAg 


406 


177 


GCADGA0 C OGcGAOG 


407 


207 


AGGCaCu C CCCcAaA 


409 


228 


GGGGCuu C CAGAACU 


409 


228 


GGGGCuU e GAGaacCX 


409 


236 


CAGaaCU C CAGGCGG 


432 


23 o 


CAGaACU c cAGgcGg 




^ A ft 

249 


GGugCCTJ a UgOCOcA 




243 


GGuGCCU a OGucOCa 


444 






501 


261 


DCAGCCU C UUCUCaU 


560 


261 


OCAgCOJ C CCCOcau 


560 


263 


AOCCUCU U CUCaJOTC 


564 


263 


AgCCUCU U CDcauDC 


567 


264 


GCCUCUU C OCaDOCC 


569 


264 


gCCUCUU C UcauOCc 


572 


266 


CUCUIXJU C aOOOCDG 


572 


a 

2 59 


UCCOCaU U CCOGcQti 


572 


270 


UCOCaUU C COGcOOG 


579 


276 


TOCUGcD u G0GGCAG 


580 


297 


CCACGCD C UBCUGuC 


580 


299 


ACGCUCU U CCGuCO* 


582 


300 


CGCUCUU C UGuCUaC 


582 


304 


CUuCUgU c uAcOGaa 


564 


306 


UcUGUcU a cOgAAcO 


585 


314- " 


COGaACU U cGGgOTG 


608 


315 


UGaACOT c GGgOTGA 


615 


315 


uGaaCUU c GGGguGa 


615 


324 


gGGOGaU c GgUCCcC 


618 



HH Target S«queac< 



GgGOGAD C 
GAGAagU u 
CCUCcCU C 
CCcCOCU c 
UcCCCCU C 

cocucau c 

CAGuuCU a 
AgACCCU C 
ucaCAcU C 
cOCAGAU C 
AGADCAU C 
ADCADCU U 
AUcAUcU U 
UCADCUU C 
AU C UUCU C 
AuCuuCU c 
aUcUUcU c 
AGCC0GU A 



GGuCCCC 

cCCAaaU 

OcADCAG 

ADCAGuu 

auCAGuU 

AGuuCUa 

OGGCCCA 

AcaCUcA 

AGADCAU 

A0CUUCU 

UOCOCaA 

COCaAAa 

cUcaAAA 

DCaAAau 

aAAauuC 

AaAATOC 

AAAauUc 

GCCCAcG 



AcGUcGU 
AcGCCCU 
gCgUDGU 
GGguDOT 
33UACCU 
ACCOugC 
CTugOOT 

gocuAcu 

GUCUaCU 
GuCUacU 
CCCAGGU 
CCAGguU 
CCaGGuO 
AGGUDCU 
AGGUUCU 
GUuCUCU 
UUC0COU 
CcCGaCU 
aCgOGcU 
AcGOGCD 
0GC0CCU 



A GCAAACC 
C CUGGCCA 
a CCUuguC 
A CCOUgCC 
u gOCOACU 
C OACOCCC 
A CUOCCAG 
CCAGGUu 
CCAGguu 
CCAgGUu 
CUCOUCA 
uCUUcAa 
DCuUcaa 
UDCaagg 
OUCAAGG 
CAAGGGa 
AAGGGaC 
CgugCUC 
CUCAcCC 
CUCACCC 
ACCCACA 
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€30 


ACACCgU C AGCCGau 


940 


530 


ACACCgO C AgCCgaU 


943 


£38 


agcCgAU u uGCOaGc 


972 


643 


atJUOGcU a uCUcAuA 


972 


645 


OUGCuaU C DCaUACC 


973 


647 


GCuaOCU C aOACCAG 


984 


663 


agAAaGU C AACC0CC 


984 


669 


UCAACOJ C COCUOJG 


985 


669 


UcAAccO c cOWJCCG 


997 


672 


ACCUCCU C OCOGCCg 


1010 


674 


aicajLU c oeccgoc 


1017 


631 


cOGCCgO C AagaGcC 


1018 


681 


COGCCgO C AAGAGCC 


1019 


681 


COGcCgO C aaGAgcC 


1073 


734 


CUHUjU A OGAGCCC 


1096 


734 


CceOGGO a ugaGCCe 


1106 


744 


AGGCCAO a OAcCOGG 


1107 


746 


CCCAUaO A cCOGGGA 


1108 


759 


GAgGAGO C uuCCAGc 


nig 


759 


GAGGaGU C OUCCAGC 


1133 


761 


GGaGCCU U CCAGCUG 


1164 


762 


GaGUCUU C CAGCDGG 


1180 


786 


ACCaACU C AGOGCOG 


1203 


798 


COGAGgO C AADCuGC 


1210 


802 


GgOCAAU C uGCCCaA 


1211 


812 


GCCaAgO A cuOaGAC 


1214 


816 


AgUAcuD a GACUUUG 


1218 


821 


uaaGACTT U OGCgGAG 


1213 


822 


UaGACUU U GCgGAGU 


1213 


830 


GCgGAGO C cGGGCAG 


1218 


840 


GGCAGGU C UACTOUG 


1219 


842 


CAGGUCO A COUCGGa 


1219 


842 


CAGguca a COOugGA 


1226 


842 


eagGuCU a COOUgGA 


1226 


845 


GOCUAGJ U OGGagOC 


1227 


846 


UCUACDU U GGagOCA 


1227 


852 


OOGGagU C ADOGCuC 


1228 


855 


GagOCAU O GCuCOGO 


1238 


887 


AUCCaUO c ucOACCC 


1262 


891 


AuucuCU a CCCaGCC 


1283 


905 


CCcCaCU C OgaCCCC 


1283 


905 


cCCCacO c UgACCCC 


1285 


905 


CcCCACU e uGAccCC 


1287 


914 


GAcCCcU O uacOCOG 


1287 


915 


ACCCCuU u acOCuGA 


1288 


919 


CUUUAcU e ugaCCcC 


1289 


928 • 


GACCeCU u UaUugOC 


1293 


928 


gAcCCCU U UADUguC 


1293 


932 


CCUDUAU O guCuaCU 


1294 



c 

PCT/IB95/00156 



GuCUACU c cUCAGaG 
UACUccU C AGaGcCc 
UCUaaCU u AgAAAGg 
ucUaaCU u AGAaAgG 
CUaACuU A GAAAggG 
AGgGgAU U auGGcuc 
AGGGgaU U aUGgCUc 
GGGGauU a uGGcUCa 
UcAGAgU c CAAcucu 
CuguGCU c AGAgCUU 
cAGAgCU U UcAaCAA 
AGAgCUU U cAaCAAC 
GAgCUUU c AaCAACu 
UgGGCCU c ucAUgCA 
AAGgAcU C AAAugGG 
aCGGGca U uccGAAU 
TOGGcOU u ccGAAUu 
GGgCuUU c cGaaUUC 
CcGAAuU C ACUGGaG 
CGAAugU C CAuuCcU 
gagOGgU c AgGUUGc 
UcUgUcU c agaAUGA 
aaGAuCU c AGGCCUU 
cAGGCCO a CCUacCU 
AGGCCUU" C CUacCUu 
CCUUCCU a cCUUCAG 
CcuACcQ a CaGACCu 
CCuaCCU U CAGACcu 
cCuACcU u cAgACCU 
CCUacCU u CAGAccU 
CuaCCUU C AGACcuu 
CuAcCUU c agACcUU 
CagACCU U uCCAgAC 
CAGAccU U UCCAGAC 
agACCUU u CCAgACu 
AGAccUU U CCAGACU 
GAccUUU C CAGACUc 
SACUCuU c cCUGAGG 
CAGCCuU C CuCAcaG 
CCCCccU C uaUUUAU 
CCCCCCU C UAUUUAU 
CCCCUCU A UUUAUaU 
CcuCUAU u UauAuUU 
CCUCUAU U UAUaUUU 
CUCUAUU U AUaUUUG 
UCUAUUU A UaUUUGC 
UUUAUaU U CGCACUU 
uUUaUaU u UGcAcUu 
UUAUaUU U GCACUUa 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23223 



252 



PCT/IB95/00156 



1300 UUGCACU U aUuADUu 1462 aCCuUGU 

1303 CAcuUaU u AuUuADU 1470 GccuCcU 

1304 acOuADU A UUUAUUA 1472 cuCcOCU 

1306 UUADUA0 U UAUUAUU 1473 uCcUCUU 

1307 uAUUAUU U AUUADUU 1474 CcOCUUU 

1307 UaUUaDU U AuuADuU 1478 UUUUGcU 

1308 AUUAUUU A UUAUUUA 1479 UUUGcUU 
1310 UauOuAU U AUUUAUU 1479 UUUGcUU 
1310 UADUUAU U AUUUAUU 1484 UUAUGUU 

1310 UAUUUAU U AUUUAUU 1498 AAAuauU 

1311 AUUUAUU A UUUAUUU 15U AcccAaU 
1311 AUUUAUU A UUUAUUU 1514 cAaUUGU 
1311 AuuUADU A UuUauUU 1516 aUUGUCU 
1313 uuauuaU U UAUOTAD 1529 CgcugAU 
1313 UUAUUAU U UADUUAU 1529 cGCUGAU 

1313 uUAUUAU u UauUUAu 1530 gCUGADU 

1314 UAuuauu U AUUUAUU 1530 GCUGA DU 

1314 UAuuauu U AUUUAUU 1563 UfcaAcCU 

1315 Auuauuu A UUUAUUA 1563 ugaaCCU 

1317 UAUUUAU U UAUUAUU 1568 C U CJG CU 

1318 AUUUAUU U AUUAUUU 1589 DGaCUGU 

1319 UUUADUU A UUAUUUA 1592 CUGUAAU 
1326 AUUADUU A UUUAUUU 1617 GAGAAAU 

1328 UAUUUAU U UADUUgC ' 1623 UAAAGaU 

1329 AUUUAUU U ADUOgCu 1633 UUAaaaU 

1330 UUUADUU A UUUgCuu 25 AgGgaCU 

1332 UAUUUAU U UgCuuAU 

1333 AUUUAUU U gCuuADG 

1337 auUUGCU U AuGAAuG 

1338 uDUGCUU A uGAAuGu 
1346 UGAADGU A UUUAUUU 

1348 AADGUAU U UAUUUGG 

1349 ATOUAUU U AUUUGSa 

1350 UGUADUU A UUUGGaA 

1352 uADUUAD u UGGaAGG 
1352* UAUUUAU U UGGaAGg 

1353 AUUUAUU U GGaAGgC 
1369 GSQSQgU C CUGGaGG 
1398 gCUguCU U cASACAg 
1398 GCUGuCU U cagaCAG 

1412 GACADGU U UUCuGUG 

1413 ACADSUU U OCuGUGA 

1414 CAUGUUU U CuGUGAA 

1415 AUGUUUU C uGUGAAA 
1415 AUGUUUU c UgugAaA 
1438 " gaGCUGU c CCCAccU 
1451 CUGGCCU C UcUaCCU 
1453 ggCCOCU C UaCCuUG 



GCCuCCU 
UUUUGcU 
UUGcUUA 
UGcUUAU 
GcUUAUG 
AUGUUUa 
UGuuuAa 
UGUUUaa 
aaaAcAA 
AUCUaAc 
U GUCUuAA 
C UuAAuAA 
AAuAAcG 
UGGuGAC 
UGGUGAC 
gGUgacC 
U GGUGACC 
c UGcUCCC 
UGCUCCC 
CCCAcGG 
AUUGcCC 
GcCCUAC 
AAGaUcG 
GCUUAaa 
aaAAaCC 
gCCagGA 



u 
C 

u 
u 
u 
u 

a 

A 
U 

u 
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Table 26: Mouse TNF-a Hammerhead Ribozyme Sequences 



n&« Mouse BH Ribozyme . Sequence 
Position 

25 UCC UGG C CUGACGAGGCCGAAAGGCCGAA AGUCCCU 

56 GGGGAGC CUGADGAGGCCGAAAGGCCGAA ADCUCCA 

101 GGGACAG CUGADGAGGCCGAAAGGCCGAA ACCUGCC 

101 GGGACAG CUGADGAGGCCGAAAGGCCGAA ACCUGCC 
1C2 AGGGACA CUGACGAGGCCGAAAGGCCGAA AACCUGC 

102 AGGGACA CUGADGAGGCCGAAAGGCCGAA AACCUGC 
106 UGAAAGG CDGADGAGGCCGAAAGGCCGAA ACAGAAC 

110 UGAGUGA CUGADGAGGCCGAAAGGCCGAA AGGGACA 

111 GUGAGUG CDGADGAGGCCGAAAGGCCGAA AAGGGAC 
HI GUGAGDG CDGADGAGGCCGAAAGGCCGAA AAGGGAC 

112 AGGGAGU CDGADGAGGCCGAAAGGCCGAA AAAGGGA 
115 GGCCAGU CUGADGAGGCCGAAAGGCCGAA AGUGAAA 
137 GGAGGGA CUGADGAGGCCGAAAGGCCGAA ACGUGGC 
139 CD3GAGG CUGADGAGGCCGAAAGGCCGAA AGADGUG 
177 CGUCGCG CDGADGAGGCCGAAAGGCCGAA ADCADGC 
207 UUOGGGG CDGADGAGGCCGAAAGGCCGAA AGUGCCU 
228 AGUUCUG CUGADGAGGCCGAAAGGCCGAA AAGCCCC 
228 AGUUCUG CUGADGAGGCCGAAAGGCCGAA AAGCCCC 
236 CCGCCUG CUGADGAGGCCGAAAGGCCGAA AGUUCUG 
236 CCGCCOG CUGACGAGGCCGAAAGGCCGAA AGUUCUG 
249 UGAGACA CUGACGAGGCCGAAAGGCCGAA AGGCACC 
249 UGAGACA CUGADGAGGCCGAAAGGCCGAA AGGCACC 

261 ADGAGAA CDGADGAG GC C GA AAGGCCGAA AGGCUGA 

261 ADGAGAA CUGACGAGGCCGAAAGGCCGAA AGGCUGA 

253 GAADGAG CUGADGAGGCCGAAAGGCCGAA AGAGGCU 

263 GAADGAG CUGADGAGGCCGAAAGGCCGAA AGAGGCU 

264 GGAAJUGA CUGADGA GGC C GA AAGGCCGAA AAGAGGC 

264 GGAADGA CUGADGAGGCCGAAAGGCCGAA AAGAGGC 

265 CAGGAAU CUGADGA GGC C G AAAGGCCGAA AGAAGAG 

269 AAGCAGG CDGADGAGGCCGAAAGGCCGAA ADGAGAA 

270 CAAGCAG CUGADGAGGCCGAAAGGCCGAA AADGAGA 
276 CUGCCAC CUGADGAGGCCGAAAGGCCGAA AGCAGGA 
297 GACAGAA CUGADGAGGCCGAAAGGCCGAA AGCG U GG 

299 UAGACAG CUGADGAGGCCGAAAGGCCGAA AGAGCGU 

300 GUAGACA CUGACGAGGCCGAAAGGCCGAA AAGAGCG 
304 UDCAGUA CUGADGAGGCCGAAAGGCCGAA ACAGAAG 
306 AGUUCAG CDGADSAGGCCGAAAGGCCGAA AGACAGA 

314 CACCCCG CUGACGAGGCCGAAAGGCCGAA AGUUCAG 

315 • . UCACCCC CUGACGAGGCCGAAAGGCCGAA AAGUUCA 
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315 UCACCCC CUGADGAGGCCGAAAGGCCGAA AAGUUCA 

324 GGGGACC CUGADGAGGCCGAAAGGCCGAA ADCACCC 

324 GGGGACC CUGADGAGGCCGAAAGGCCGAA ADCACCC 

347 ADUOGGG CUGADGAGGCCGAAAGGCCGAA ACUUCUC 

364 CUGADGA CUGADGAGGCCGAAAGGCCGAA AGGGAGG 

366 AACOGA0 CUGADGAGGCCGAAAGGCCGAA AGAGGGA 

366 AACUGAD CUGADGAGGCCGAAAGGCCGAA AGAGGGA 

369 UAGAACU CUGADGAGGCCGAAAGGCCGAA AEGAGAG 

376 OGGGCCA CUGADGAGGCCGAAAGGCCGAA AGAACUG 

390 UGAGUGU CUGADGAGGCCGAAAGGCCGAA AGGGCCU 

396 ADGAXJCU CUGAPG A G GCOGA A A GGC CG AA AGUGUGA 

401 AGAAGA0 CUGAIXjAtiGCJGAAAGGCCGAA A llCUGA G 

404 UUGAGAA CUGADGAGGCCGAAAGGCCGAA ADGMCU 

406 UUUUGAG CUGADGAGGCCGAAAGGCCGAA AGADGA0 

406 UUUUGAG CUGADGAGGCCGAAAGGCCGAA AGAUGAU 

407 AUUUUUA OXjAUGAGG CC GA A AGGCOGAA AAGADGA 
409 GAAUUUU CU3ADGAGGCOGAAAGGCCGAA AGAAGA0 
409 GAAUUUU CUGAUSAflGC C GAAAGGCCGAA AGAAGAU 
409 GAAUUUU CUGADGAGGCCGAAAGGCCGAA AGAAGAU 
432 CUUjUjC CDGAPSAGGC CGA AAGGCQBA ACAGGCU 

444 G^JUUU; OJGADGAGGCCGAAAGGCCGAA ACGACGU 

501 UGGCCAG CUGADGAGGCCGAAAGGCCGAA A GGG OGU 

560 GACAAGG CUGADGAGGCCGAAAGGCCGAA ACAACCC 

560 GACAAGG CUGAPGAGGCCGAAACGCCGAA ACAACCC 

564 AGUAGAC CUGAOSAGGCCGAAAGGCCGAA AGGUACA 

567 GGGAGCA OX»DGAGGCOGAAAGGCCGAA ACAAGGU 

569 CUGGGAG CU GADGAGGCCG AA AGGCCGAA AGACAAG 

572 AACCUGG CUGADGAGGCCGAAAGGCCGAA AGUAGAC 

572 AACCUjG CUGADGAGGCCGAAAGGCCGAA AGUAGAC 

572 AACCUGG CUGADGAG GC CGAAAGGCCGAA AGUAGAC 

579 UGAAGAG CUGADGAGGCCGAAAGGCCGAA ACCUGGG 

580 UUGAAGA CUGAOGAQGCOGAAAGGCCGAA AACCUGG 
580 UUGAAG A CUGADGAGGCCGAAAGGCCGAA AACC U G G 
532 COJUUAA COGADGAGGCOGAAAGGCCGAA AGAACCU 
582 CC UUGAA CUGADGAGGCC G AAAGGCCGAA AGAACCU 
534 UCCCUUG CUU U JU A UX UiAAA QG CCG AA AGAGAAC 
585 GUCUJUU CUGADGAGGCCGAAAGGCCGAA AAGAGAA 
608 GAGCACG COGADGAGGCOGAAAGGCCGAA AGUOGGG 
615 GGGUGAG CUSAD3AGGCGGAAAGGGCGAA AGCACGU 
615 GGGUGAG CUGADGAGGCCGAAAGGCCGAA AGCACGU 
618 UGUGGGU CUGADGAGGCCGAAAGGCCGAA AGGAGCA 
630 ADCGGCU CUGAOSAGGCCGAAAGGCCGAA ACGGUGU 
630 AECGGCU CUGADGAGGCCGAAAGGCCGAA ACGGUG U 
638 GADAGCA CUGADGAGGCCGAAAGGCCGAA ADCGGCU 
643 UADGAGA CUGADGAGGCCGAAAGGCCGAA AGCAAAU 
645 GGUASGA CUGADGAGGCCGAAAGGCCGAA ADAGCAA 
647 CUGGUAD CUGADGAGGCCGAAAGGCCGAA AGAOAGC 
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663 GGAGGCU COGADGAGGCCGAAAGGCCGAA AC OIJLCU 

669 CAGAGAG COGADGAGGCCGAAAGGCCGAA AGGCCGA 

669 CAGAGAG COGADGAGGCCGAAAGGCCGAA AGGCCGA 

672 CGGCAGA COGADGAGGCCGAAAGGCCGAA AGGAGGU 

674 GACGGCA COGADGAGGCCGAAAGGCCGAA AGAGGAG 

681 GG COCOO COGADGAGGCCGAAAGGCCGAA ACGGctlG 

631 GGCOCOO COGATOAGGCCGAAAGGCCGAA ACGGCAG 

734 GGGCOCA COGADGAGGCCGAAAGGCCGAA ACCAGGG 

734 GGGCOCA COGADGAGGCCGAAAGGCCGAA ACCAGGG 

744 CCAGGOA COGADGAGGCCGAAAGGCCGAA ADGGGCO 

746 OCCCAGG COGADGAGGCCGAAAGGCCGAA ACATOGG 

759 GCCGGAA COGADGAGGCCGAAAGGCCGAA ACOCCOC 

759 GCUGGAA COGADGAGGCCGAAAGGCCGAA ACCCCCC 

761 CAGCUGG COGADGAGGCCGAAAGGCCGAA AGACCCC 

762 CCAGCOG CTOTiAOGAGGOCGAAAGGCCGAA AAGACCC 
786 CAGCGCO COGADGAGGCCGAAAGGCCGAA AGCCGGO 
798 GCAGAUO COGADGAGGCCGAAAGGCCGAA ACCDCAG 
302 OTOGG CA COGADGAGGCCGAAAGGCCGAA ADOGACC 
312 GTOOAAG CDGADGAGGCCGAAAGGCCESA ACUGGGG 
816 CAAAGUC COGADGAGGCCGAAAGGCCGAA AAGUACT 

821 CDCCGCA COGATOAGGCCGAAAGGCCGAA AGCCCAA 

822 ACOCCGC COGADGAGGCCGAAAGGCCGAA AAGCCGA 
830 COGCCCG COGADGAGGCCGAAAGGCCGAA ACOCCGC 
340 CAAA GOA CDGAOGAGGCOGAAAGGGGGAA ACCDGCC 
842 DCCAAAG COGAOGAGGCCfiAAAGGCCGAA AGACCCG 
842 OCCAAAG COGADGAGGCCGAAAGGCCGAA AGACCCG 
842 UCCAAAG COGADGAGGCCGAAAGGCCGAA AGACCCG 

84 5 GACDCCA COGADGAGGCCGAAAGGCCGAA AGUAGAC 

846 UGACOCC COGADGAGGCCGAAAGGCCGAA AAGUAGA 
852 GAGCAAU COGADGAGGCCGAAAGGCCGAA ACOCCAA 
855 ACAGA GC COGATOAGGCCGAAAGGCCGAA ADGACCC 
887 GGGUAGA COGATOAGGCCGAAAGGCCGAA AADGGAU 
891 GGCOGGG CTOATOAGGCCGAAAGGCCGAA AGAGAAXJ 
90S GGGGOCA COGADGAGGCCGAAAGGCCGAA AGOGGGG 
905 G GGGOC A CDGAIX3AGGCCGAAAGGCCGAA AGOGGGG 
905 GGGGOCA COGATOAGGCCGAAAGGCCGAA AGOGGGG 

914 CAGAGQA COGATOAGGCCGAAAGGCCGAA AGGGGCC 

915 UCAGAGU COGATOAGGCCGAAAGGCCGAA AA GGGGO 
919 GGGGOCA COGATOAGGCCGAAAGGCCGAA AGGAAAG 
928 GACAAOA COGADGAGGCCGAAAGGCCGAA AGGGGCC 
928 GACAAOA CTOATOAGGCCGAAAGGCCGAA AGGGGCC 
932 AGUAGAC COGATOAGGCCGAAAGGCCGAA AXXAAAGG 
94 0 COCOGAG COGATOAGGCCGAAAGGCCGAA AGGAGAC 
943 GGGCOCO COGADGAGGCCGAAAGGCCGAA AGGAGQA 
972 CCOOOCO COGADGAGGCCGAAAGGCCGAA AGOGAGA 

972 CCOOOCO COGADGAGGCCGAAAGGCCGAA AGOOAGA 

973 CCCOOOC COGADGAGGCCGAAAGGCCGAA AAGOOAG 
984 GAGCCAO COGADGAGGCCGAAAGGCCGAA ADCCCCO 
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984 GAGCCA0 CUGADSAGGCCGAAAGGCCGAA AUCCCCU 

985 CGAGCCA COGADGAGGCCGAAAGGCCGAA AAOCCCC 
997 AGAG0CX3 CPSAD3AGGCCGAAAGGCQGAA ACOCCGA 
1010 AAGCDCU COGADGAGGCCGAAAGGCCGAA AGCACAG 
10 ^ 7 UIWJUGA COGADGAGGCCGA AA GGCCGAA AGCOCOG 

1018 UjUuuuj axs A DG A GGcct» AA GG cc GAA aagccoj 

1019 AGOtKOU CX3AP3AGGCCGAAAQGCCGAA AAAGCOC 
1073 OGCADSA CaSADGAQQ CC GAAAGGCCGAA AGGCCCA 
1096 CCCADOO CBSADSAGGCOGAAAGGCCGAA AGOCCCU 

1106 ADO0GGA COGADGAGGCCGAAAGGCCGAA AGCCCAD 

1107 AADOCGG C3SAO»GGCCGAAAGGCCGAA AAGCCCA 
U08 GAADOCG COGADGAGG CO G A AA GGC C SA A AAAGCCC 
HIS CO XAG O COGADSAfiGOCGAAAOGOCSU AADOCGG 
1123 AGGAADS aJGADGAGGCCGAAAGGCOSAA ACADOCG 

GCAACCO COGAD3AGGCCGAAAG3CGGAA ACCACOC 
H80 0CAUUCU COSADGAGGOOGAAAGGCCGAA AGACAGA 

1203 AAGGCCO OTGADGAGGOCGAAAGGCCGAA AGADCOU 

1210 A QCCRQS CreA DGAGGCinQ AAA G G COGAA A GGCCU G 

1211 AAGGOAfi aXSADSAGGCCGAAAGGCCGAA AAGGCCO 
1214 COSAAGG GXX3UX2WGGCCGAAAGGCCGAA AGGAAGG 
1218 J UjUUCw C0GAD3AGGC0GAAAGGCCGAA AGGOAGG 
1218 AGG3CB5 CTGAD3AGGCCGAAAGGCCGAA AGGOAGG 
1218 AGG3C0G CBGAO5AGGG0GAAAGGC0GAA AGGOAGG 

1218 A OftKU* CEX3A03AGGCCGAAAGGCCGAA AGGOAGG 

1219 AAGGB37 CU GAD3AGGCCGAAAOGCOGAA AAGGUAG 
1219 AAiiOJC u COGATOAGGCCGAAAGGCOGAA AAGGUAG 
1226 GOCLK GA OT3ADGAGGCCGAAAGGCCGAA AGGOCCG 

1226 G 0CU5GA C0GAOGAGGC0GAAAGGCCGAA AGGOCCG 

1227 AGOCTCG COTADGAGGCCGAAAGGCCGAA AAGGC CU 

1227 AGOCOTG COGAIXSAGGCCGAAAGQCCGAA AAGGOCO 

1228 GAi*K w CPS A OaQGCCGAAAQGOCGAA AAAGGOC 
1238 v ^ UuaGG CPG A DGAOQ C CGAAAGGCOGAA AAGAG0C 
1262 COSOSAG OT3AD3AGGCCGAAAGGCCGAA AAGGCTG 
1283 AQAAADA C9SA05AGGCCGAAAGGCCGAA AGGGGGG 
1283 AUAAAUA C03AU3AGGOCGAAAGGCOGAA AGGGGGG 
1285 ADADAAA QX3A0GAGGCOGAAAGGCOGAA AGAGGGG 
1287 AAADAZ3A CO5A05AGGCOGAAAGGCCGAA ADAGAGG 

1287 AAADADA COGAB3AGGCOGAAAGGCOGAA ADAGAGG 

1288 CAAADAU CO3ADGAGG0CGAAAGGC0GAA AAQAGAG 

1289 GGAAAD& GX3A0SAGGCOGAAAGGGCGAA AAADAGA 
1293 AAwuc* COSADSAGGCCGAAAGGCCGAA AZ3ADAAA 

1293 AAGQ9GA OTSADSAGGCCGAAAGGCCGAA ADADAAA 

1294 UAAOTSC COSAB3AGGCCGAAAGGCCGAA AADAUAA 
1300 AAAQAAU CCTSATOAGGCCGAAAGGCCGAA AG0GCAA 

1303 AADAAAD COGADSAGGOOGAAAGGCCGAA AUAAGUG 

1304 OAADAAA COGATOAGGCCGAAAGGCCGAA AADAAGU 

1306 AADAADA C0GAO3AGGCCGAAAGGCCGAA ADAADAA 

1307 AAADAAD COGAD3AGGCCGAAAGGCCGAA AADAADA 
1307 AAADAAD CCGAXX2AGGCCGAAAGGCCGAA AADAADA 
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1308 QAAAOAA CDGABGAGGCCGAAAGGCCGAA AAAQAAIJ 

13X0 AAQAAAU OJGAIXSAGGCCGAAAJGGCCGAA AQAAAQA 

1310 AAQAAAO CQGAOGAGGCCGAAAGGCCGAA AQAAAQA 

1310 AAQAAAO C0GAIX3AGGCCGAAAGGCCGAA AQAAAQA 

1311 AAAQAAA CQGAOGAGGCCGAAAGGCCGAA AAQAAAO 
1311 AAAQAAA COGAEGAGGCCGAAAGGCCGAA AAQAAAU 
1311 AAAQAAA CQGAOGAGGCCGAAAGGCCGAA AAQAAAO 
1313 AQAAAQA COGAEGAGGCCGAAAGGCCGAA AQAAQAA 
1313 AQAAAQA CCGADGAGGCCGAAAGGCCGAA AOAAQAA 

1313 AQAAAQA OX3AIXSAGGCCGAAAGGCCGAA AQAAQAA 
131^ AAQAAAU CTSADGAGGCCGAAAGGCCGAA AAQAAQA 

1314 AAQAAAO COGADSAGGCCGAAAGGCQGAA AAQAAQA 

1315 UAAQAAA C0GAO3AGGCCGAAAGGC3GAA AAAQAAU 

1317 AAQAAQA COGAEGAGGCCGAAAGGCCGAA AQAAAQA 

1318 AAAQAAU CXXaADSAGGCCGAAAGGCCGAA AAQAAAU 

1319 UAAAQAA CQGAOGAGGCCGAAAGGCCGAA AAAQAAA 
1325 AAAQAAA CUGADGAGGCCGAAAGGCCGAA AAAQAAU 

1328 GCAAAQA C0GAB3AGGCCGAAAGGCCGAA AQAAAQA 

1329 AGCAAAZ7 CUSATOAGGCCGAAAGSGCGAA AAQAAAU 

1330 AAGCAAA COGATOAGGCCGAAAGGCCGAA AAAQAAA 
^332 AQAAGCA COGADGAGGCCGAAAGGCCGAA AQAAAQA 
1333 CAQAAGC CQGAOGAGGCCGAAAGGCCGAA AAQAAA0 

1337 CADUCAU C0GAO3AGGCCGAAAGGCOGAA AGCAAAU 

1338 ACAUOCA OTAOTAGGCCGAAAGGCCGAA AAGCAAA 
1346 AAAQAAA C0GAO3AGGCCGAAAGGCGGAA ACAODCA 
!348 CCAAACA CTOAOSAGGCCGAAAGGCCGAA AQACAOU 

1349 UCCAAAU C0GAD3AGGCCGAAAGGCCGAA AAQACA0 

1350 UCCCAAA COGADGAGGCCGAAAGGCCGAA AAACACA 
1352 CCOOCCA CQGAOGAGGCCGAAAGGCCGAA AQAAAQA 

1352 CCOUCCA COGAU3AGGCCGAAAGGCCGAA AQAAAQA 

1353 GCCOOCC CTOAOGAGGCCGAAAGGCCGAA AAQAAAU 
1369 CCOCCAG CTCADGAGGCCGAAAGGCCGAA ACACCCC 
1398 CUAJCU G CTSADGAGGCCGAAAGGCCGAA AGACAGC 
!398 OTSOCOG CTGAD3AGGCCGAAAGGCCGAA AGACAGC 

1412 CACAGAA C0GAD3AGGCCGAAAGGCGGAA ACADGOC 

1413 OCAC AGA C0GAO5AGGCGGAAAGGCCGAA AACADGU 

1414 UOCAC AG COGADGAGGCCGAAAGGCCGAA AAACAOG 

1415 OOOCA CA COGADGAGGCCGAAAGGCCGAA AAAACAU 
1415 GUOCACA C0GAD3AGGCCGAAAGGCCGAA AAAACAU 
1438 AGGGGGG CUGAU3AGGCCGAAAGGCCGAA ACAGCOC 

AGGQAGA COGADGAGGCCGAAAGGCCGAA AGGCCAG 

I 453 CAAGGQA COGADGAGGCCGAAAGGCCGAA AGAGGCC 

1455 AACAAGG CXX3ADGAGGCCGAAAGGCCGAA AGAGAGG 

1462 AGGAGGC COGAD3AGGCCGAAAGGCCGAA ACAAGGO 

1^ 7 0 AGCAAAA COGAOGAGGCCGAAAGGCCGAA AGGAGGC 

1472 OAAGCAA CDGAD3AGGCCGAAAGGCCGAA AGAGGAG. 

1473 AOAAGCA COGAD3AGGCCGAAAGGCCGAA AAGAGGA 

1474 CAQAAGC COGAD3AGGCCGAAAGGCCGAA AAAGAGG 
1473 " UAAACAU CCGADGAGGCCGAAAGGCCGAA AGCAAAA 
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2-479 OTAAACA COTABGAGGCCGAAAGGCCGAA AAGCAAA 

1479 UUAAACA CUGADGAGGCCGAAAG3CCGAA AAGCAAA 

1484 ULUUUUU COGADGAGGCCGAAAGGCCGAA AACAUAA 

1438 CTTOGAU COTADGAGGCCGAAAGGCCGAA AAOADOU 

1511 UOAAGAC COC3UX3AGGCCGAAAGGCCGAA ADUSGGtJ 

1514 uUAuuaA CO GAOSAGGCCG AA AGGCCGAA ACAADOG 

1516 CGOUAOT CDGATOAGGCCGAAAOGOCGAA AGACAAU 
1229 GOCACCA CtmOSAGGCOGSUUlQGCCGAA ACCAGCG 

1229 GOCACCA C3GAD3AGGCCGAAAGQCCGAA ADCAGCG 

1230 v^AJC A CC COTAD3AGGCCGAAAGGCCGAA AADCAGC 
1530 G30CACC CTOADSAGGCCGAAAGGCCGAA AADCAGC 
1563 G3SAGGA Ct XSAOaAGG CCGAA AGGCCGAA AGGUUCA 
15^3 GG3AGCA OXiAOSAGGCCGAAAGGCCGAA AGGOTCA 

1589 G33CAAXJ OXSVD3AGGCCGAAAGGCCGAA A^OT^ 

1592 CTAGGGC CDG A IXaGGCCG AAA GXCGAA ABUACAG 

151 7 CGAOCOT COSAOSAGGCCGAAAGGCCGAA ADOTCOC 
1^23 OTOAAGC COGAIX»aGC0GAAAG3CCGAA ADCUUOA 
1533 GOTUUOU CTOATOAGGCCGAAAGGCCGAA AOUUUAA 
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Table 29: Human bcr/abl HH Target Sequence 



PCT/IB9S/00156 



Sequence 
ID N • 

h2-&2 
Junction 



HH Target Sequence 



20 
2L 
22 



23 
24 
25 



UMGOSG OX AAAAG3OTJC 
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Table 30: H uman bcr-abl EH Ribozyme Sequences 



S ID 1 lto C * 88 Rlborya * Sequence 



26 
27 
28 



1=57 TO'i A Ua A uu. T ts a a agoccs aa adggaogccca 

ACOSGCCGCOT C03AOaGCSrGAAAG3CC3AA AG3GC30CC0C 
DaCDSGCCSCT C03AXX3AG3CC3AAAG3CCGAA AAG5GGJU.UU 



29 GAACGGCoouu araffSAas ccraa ara o c G AA, aa c o ujujjua 
Aca3SCCScro axawasxcGAAAGcsasaA agssccocoga 



30 



31 OAcasGcasca cosadgagsccsaaasscogaa aacgscotuog 
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Table 31; RSV (IB) HH Target Sequence 



at . 
Position 

10 
14 
18 
15 
54 
57 
77 
94 
97 
101 

no 

113 

118 

122 

134 

137 

148 

149 

150 

152 

154 

157 

161 

165 

176 

188 

208 

209 

210 

214 

215 

221 

226 

239 

241 

242 

251 

261 

265 

267 

274 



HH Target Sequence 



GGCAAAU A 
AAOAAAU C 
AADCAAU U 
ADCAACU C 
CAADGAU 
DGAUAAU 
OGADGAU 
AGACCGU 
C CGU UUJ 

ogocacu 

AGACCAU A 
CCAUAAU A 
AQAACAU C 
CAUCACU A 
GAGACAU C 
ACADCAU A 
CACAAAU U 
ACAAAUU U 
CAAAUUU A 
AAUUUAU 
uuuaUAU 
AUAUACU 
ACUUGAU 
GAEAAAU 
AADGCA0 
GAAAACU 
GCCACAU U 
CCACAUU 0 
CACATOU A 
GUUACAU U 
UUACAUU C 
0CCB5G U C 
GOCAACU A 
DGAAACU A 
AAACQAU U 
AACUAUU A 
ACAAAGa A 
AAGCACU A 
ACUAAAU A 
UAAAUAU A 
AAAAAAU A 



AAUCAAU 
AAUOCAG 
CAGCCAA 
AGCCAAC 
AUACACC 
CACCACA 
ACAGACA 
GUCACUU 
ACUOGAG 
GAGACCA 
AUAACAU 
ACADCAC 
ACOAACC 
ACCAGAG 
AQAACAC 
ACACACA 
UAUAUAC 
AUAUACU 
UAUACUU 
UACUUGA 
COTGAUA 
GAUAAAU 
AAUGALK* 
AUGAADG 
GUGAGAA 
GADGAAA 
UACAUUC 
ACAUOCC 
CAUlfcXU 
CCOGGOC 
CUGGDCA 
AACOADG 
UGAAADG 
UOACACA 
ACACAAA 
CACAAAG 
GGAAGCA 
AAUAQAA 
UAAAAAA 
AAAAAUA 
UACOGAA 



nt . 
Position 

276 

283 

255 

303 

304 

305 

309 

317 

319 

320 

323 

327 

337 

338 

340 

341 

350 

356 

357 

363 

372 

375 

380 

383 

385 

391 

396 

398 

402 

406 

410 

411 

412 

421 

423 

424 

432 

434 

446 

448 

454 



HH Target Sequence 

AAAAUAU A CUGAAUA 
ACUGAAU A CAACACA 
ACAAAAU A UGGCACU 
UGGCACU U OCCCUAU 
GGCAOJU CJ CCCOAUG 
GCACUUU C CCUAUGC 
UUCJCCCU A OGCCAAU 
UGCCAAU A UUCAUCA 
CCAAUAU U CAUCAAU 
CAAUAUU C AUCAAUC 
UAUUCAU C AADCADG 
CAUCAAU C AUGADGG 
GAUGGGU U CUOAGAA 
ACGGGUU C UUAGAAU 
GGGUUCU U AGAAUGC 
GGUUCUU A GAAUGCA 
AATOCAU O GGCAUUA 
ETOGCAU U AAGCCUA 
UGGCAUU A AGCOIAC 
UAAGCCU A CAAAGCA 
AAAGCAU A CUCCCAU 
GCAUACU C CCAUAAU 
CUCCCAU A AUADACA 
CCAUAAU A UACAAGU 
AUAAUAU A CAAGUAU 
UACAAGU A OGAUCUC 
GUAGSAU C CCAAUCC 
ADGAUCU C AADCCAU 
UCUCAAU C GAUAAAU 
AADCCAU A AADUUCA 
CADAAAU U UCAACAC 
AUAAAUU U CAACACA 
CAAAUUU C AACACAA 
ACACAAU A UUCACAC 
ACAAUAU U CACACAA 
CAAUACU C ACACAAU 
ACACAAU C UAAAACA 
ACAAUCU A AAACAAC 
AACAACU C UAUGCAU 
CAACUCU A UGCAUAA 
UAUGCAU A ACUAUAC 
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458 CAUAACtJ A OACOCCA 

460 aAACUAU A COCCAOA 

453 CUAnACa C CADAGOC 

467 ACOCCA0 A GUCCAGA 

470 CCADAGU C CAGADGG 

489 CGAAAA0 U ADAGUAA 

4S0 GAAAADU A UAGUAW 

492 AAADUA0 A GUAADUU 

495 UUADAGU A ADUGAAA 
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Table 32: RSV (IB) HH Ribozyme Sequence 



at . HH Ribozyme S«quanc« 

Position 

10 ADOGADU OXSADSAGGCCGAAAGGCCGAA AUUUGCC 

14 CDGAAUU OXSADSAGGCCGAAAGGCCGAA AEUUAUU 

18 OTGGCCG OXSADSAGGCCGAAAGGCCGAA AUUSAUU 

19 GOD5GO J OXSADSAGGCCGAAAGGCCGAA AADCGAU 
54 GGDGUAD OXSADSAGGCCGAAAGGCCGAA ADCAUD3 
57 OOTSGCG OXSADSAGGCCGAAAGGCCGAA ADUADCA 
77 OGOroro OXSADSAGGCCGAAAGGCCGAA ADCADCA 
94 AAGDGAC COGADSAGGCCGAAAGGCCGAA ACGGOOJ 
97 COCAAGD OXSADSAGGCCGAAAGGCCGAA ACAACGG 
101 DSGOCl 'C OXSADSAGGCCGAAAGGCCGAA AGDGACA 
110 ADSOOAD CDSAD5AGSCCGAAAGGCOGAA adsgocu 
U3 GDSAD Sa OXSADSAGGCCGAAAGGCCGAA ADUADGG 
118 GGUQAGQ OX3AD3AGGOCGAAAGGCCGAA adgccwj 
122 OJCDGGa OXSADSAGGCCGAAAGGCCGAA AGOGADG 
134 GD3OOA0 OXSADSAGGCCGAAAGGCCGAA ADGCCUC 
137 DSOGDSC OXSADSAGGCCGAAAGGCCGAA ADGADGC7 

148 GUADADA OXSADSAGGCCGAAAGGCCGAA ADUOGCG 

149 AGQADAU OXS A DS A GG CC GAAAGGCCGAA AADUUGU 

150 AAGUAUA COGADSAGGCCGAAAGGCCGAA AAADOTG 
152 OCAAGUA COGADSAGGCCGAAAGGCOGAA AUAAADO 
154 OADCAAG OXSADSAGGCCGAAAGGCCGAA AUAUAAA 
157 AUOOADC OXSADSAGGCCGAAAGGCCGAA AGUADAU 
161 CAOTAOU OXSADSAGGCCGAAAGGCCGAA ADCAAGU 
165 CADPCAU OXSADSAGGCCGAAAGGCCGAA A0DUACC 
176 TOCTCAC OXSADSAGGCCGAAAGGCCGAA AOGCAOT 
188 UOTCADC OXSADSAGGCCGAAAGGCCGAA AGUUUCC 

208 GAAOGCXA COSADGAGGCCGAAAGGCCGAA ADGOGGC 

209 GGAAD3U COGADSAGGCCGAAAGGCOGAA AADSOGG 

210 AGGAADG OXSADSAGGCCGAAAGGCCGAA AAADGCG 

214 GACCAGG OXSADSAGGCCGAAAGGCCGAA ADGUAAA 

215 OSACCAG COSADGAGGCCGAAAGGCCGAA AACGUAA 
221 CA nAGTO CDGAOSAGGCCGAAAGGCCGAA ACGAGGA 
226 CAPOPC A COSAOSAGGCCGAAAGGCCGAA AGCOSAC 
239 lA^fcwA OXSADSAGGCCGAAAGGCCGAA AGDUUCA 

241 UULUJUU OXSADSAGGCCGAAAGGCCGAA ADAGOTO 

242 C00OGCG OXSADSAGGCCGAAAGGCCGAA AADEAGUU 
251 OGCDOCC OXSADSAGGCCGAAAGGCCGAA ACOTOGU 
261 TOMATO OXSADSAGGCCGAAAGGCCGAA AGOGCOT 
265 UU UUUUA OXSADSAGGCCGAAAGGCCGAA AOTUAGO 
267 UAOTOTO OXSADSAGGCCGAAAGGCCGAA ADADDUa' 
274 OOCAGOA OXSADSAGGCCGAAAGGCCGAA ADDUDUU 
276 OADOCAG OXSADSAGGCCGAAAGGCCGAA AUATOTO 
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283 UCGGOTG CQGADSAGGCCGAAAGGCCGAA ADCCAGU 

295 AG33CCA CUGADSAGGCCGAAAGGGCGAA ADUDOGU 

303 AEAGGGA CUGAIXSAGGCCGAAAGGCCGAA AtSOGCCV 

304 CAEBGGG COGAQIj A GGCCGAAAGGCCGAA AAGCGCC 

305 GCABAGG C0GAD5AGGCCGAAAGGCCGAA AAAGCGC 
309 ADUGGCA CCGAD3AGGCCGAAAGGCCGAA AGGGAAA 
317 UGATCAA C0GAD5AGGCGGAAAG&COGAA ADOGGCA 

319 AOTSAIX3 CPGAPSAGGCCGAAAGGCOGAA ADAOTGG 

320 GABOGA0 OX a tfXaGS C CGAAAGGCCGAA AABADCG 

323 caogaot cogadgaggccgaaaggccgaa abgaaga. 

327 CCADCA0 COGWXaUSGCCGAAAGGCCGAA ADCGADG 

337 OOCaAA fi CraUXSUSGCCGAAAGGCCGAA ACCCADC 

338 ADUCUAA COTtfXSAGGCOGAAAGGCCGAA AACCCAU 

340 GCADOOT CTOA03AGGCC3AAAGGCCGAA AGAACCC 

341 TOCATOC aXjADGAGGOCGAAAGGGOGAA AAGAACC 
350 UAATOCC CTOAOSROGCCGAAAGGCOGAA ADGCADU 

356 OAGGCUU COGADGAGGCCGAAAGGCCGAA ADGCCAA 

357 COAGGCa aXStfKA^njAAAflGCCGAA AADGC CA 
363 touw aXSAOSMGOOGAAAGGCOGAA AG GCUUA 
372 ATOQGAG CC XSADGAGG CO G AAA QGCOGAA ADGCOOT 
375 ADCADSG COGADGRGGCCGAAAGSCCGAA AGOADQC 
380 OTDMAIJ CUGAB3AGGCCGAAAGGCCGAA ADGGGAG 
383 ACOOSOA CTOAa3AGGCCGAAAGGCCGAA AOTADGG 
385 AQAC0O5 C93ADGAGGCCGAAAGQC0GAA, AQADOAX7 
391 GAGADCA OX3AD3»GGCOGAAAGSCCGAA ALUUJUA 
396 GGAOT3A OXjADSAGGCCGAAAGGCCGAA ADODAC 
398 ADQGADU aXSADGAGGCOGAAAGGCCGAA AGADCA0 
402 ADOTAOG OTGAD3AGGCCGAAAGGCCGAA AD0GAGA 
406 OGAAAOT COGAO Gft GGCtX iA AAGG CC GAA ADGGAOT 
410 C^UJUCiA CUGATCAGGCCGAAAGGCCGAA ADUUACG 
4 — Ot^JUJlP CTGAD3AGGCOGAAAGGCCGAA AADDUAU 
412 UUitKiU U CTOAOSAGGCOGAAAGGCOGAA. AAADOUA 
421 GDGOSAA C roAPUA Ua XtiAAA GGOOGAA ADU30GQ 

423 U IXjUSUG COGAIXm jUJ .TiAAAGGCOGAA AQAOOGQ 

424 AOOGOGa OT3ADGRGGCCGAAAGGCCGAA AADATO5 
432 UUUUUUA, COGAIXjAUULt.taAAAOGCCGAX ADOGOGCJ 
434 UJUjUUU CD3ATORGGCCGAAAGGCCGAA AGATOCU 
446 AOGCAOA COGADGAGGCCGAAAGGCCGAA AGCCGUU 
448 OTADSCA C T KS A DiAGUJt T AAA A fl G CCG AA AGAGODS 
454 GQAD AfiO CDQAUiAiJtjCf.TSAAAGGCOGAA ADSCAQX 
453 D55AG0A C05ADSM3GOOGAAAGGOOGAA AGGUA05 
460 DAD9GAG CD3AD3AGGCCGAAAGGCCGAA ADAGUUA 
463 <5ACQ AP5 C03AD5AGGCCGAAAGGCCGAA AGGABAG 
467 OCOGGAC CCT3A03&GGCCGAAAGGCCGAA ADGGAGQ 
470 CCAOCDG COS A IX a GGCnf UAA GG CO GAA ACT AD G G 

489 UQACOAn r m z nrin jj i * i jAA Aff rrr BVA AOTOUCA 

490 AOTACUA C a B AP ^AUXta AAA G GCO GAA AADDUDC ' 
492 AAAQUAC C0GAIX5AGGCCGAAAGGCCGAA ADAADUU 
495 » • UCUAAAU CUGADGAGGCCGAAAGGCCGAA ACC2AQAA 
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Table 33 : RSV (1C) HE target Sequence 



at • 




at • 


Position 




• Oil ClOS 


10 


GGCAAAU A AGAAUUU 


165 


16 


OAAGAA0 a OGAQAAG 


169 


17 


AAGAADU a GAOAAGU 


175 


21 


ADUUGAD A AGCACCA 


176 


25 


GAUAAGU A CCACUUA 


131 


31 


OACCACU 0 AAADUOA 


192 


32 


ACCACU0 A AADUGAA 


196 


36 


CUUAAAU a OAACOCC 


201 


37 


UOAAADU a AAC0CCC 


206 


38. 


UAAADCU A ACDCCCU 


216 


42 


UUUAACU C CCUOGGB 


221 


46 


ACDCCCU 0 GGUUAGA 


222 


50 


CLUUUCAJ 0 AGAGADG 


231 


51 


CUUGGUU A GAGADGG 


2*2 


67 


GAGCAAC7 U CAOUGAG 


234 


58 


AGCAADU C ACCGAGU 


235 


71 


AAUUCA0 U GAGUAOG 


241 


76 


AUUGAGU A UGAQAAA 


247 


81 


GUADGA0 A AAAGOTA 


249 


87 


UAAAAGU a AGAOQEAC 


250 


88 


AAAAGUU A GADUACA 


***Q 


92 


GUUAGAU U ACAAAAU 




93 


UQAGADU A CAAAA0U 


«Oa 


100 


ACAAAAU U UGUUUGA 




101 


CAAAAUU a GUUUGAC 


*0 / 


104 


AAUUUCtU DGACAAU 


4 /w 


105 


AUUUGUU U GACAAEG 


274 


120 


ADGAAGU A GCAUUMJ 


Z7S 


125 


GDAGCAU 0 GOUAAAA 




128 


GCAOTGU 0 AAAAAEA 


284 


129 


CAUUGUU A AAAADAA 


283 


135 


OAAAAAU A ACADGCU 


300 


143 


ACADGCU A UACUGAU 


303 


145 


ADGCUAU A COGADAA 


316 


151 


UACUGAU A AADOAAU 


317 


155 


GAUAAAU U AADACA0 


315 


156 


ADAAADU A AUACADU 


321 


159 


AADOAAU A CADUUAA 


338 


163 


AADACAU U UAACUAA 


339 


164 


ADACADU U AACDAAC 


346 



Taxg«t S«<xueac« 



UACADUU A ACDAACG 
ODUAACD A ACGCCOT 
QWCGCT D DGGC5AA 
AACGCCU a GGCUAAG 
OTCGGCT A AGGCAGU 
CAGCGAU A CAEACAA 
GADACAU A CAA0CAA 
AUACAAU C AAADDGA 
ADCAAAD U GAADGGC 
ADGGCAD a GUGCDCG 
ADDG0W 0 0GCGCAU 
UUULUUU 0 GDGCAOG 
DGCADGU 0 ADUACAA 
GCAOGUU A UUACAAG 
AUGUUAD 0 ACAAGUA 
UUUUAUU A CAAGUAG 
OACAAGU A GCGAOAU 
HAG33AU A UUCGCCC 
GCGAUAU U UGCCCUA 
UGAOADU U GCCCUAA 
UCGCCCU A AI2AAUAA 
CCCUaAU A AQAADAU 
UAADAAD A AEADOGU 
DAAUAAU A DUGDAGU 
ADAADAU 0 GUAGUAA 
AUADTOU A GOAAAAU 
DDGUAGU A AAADCCA 
GOAAAAU C CAADUUC 
AOCCAA0 U UCACAAC 
OCCAADU U CACAACA 
CCAADOU C ACAACAA 
CGCCAGU A CUACAAA 
CAG0ACU A CAAAADG 
UGGAGGU U ADAQAUG 
G GAGGO U A UAUAUGG 
AGGO OAU A UAOGGGA 
GDUAOAU A UGGGAAA 
AOGGAAU U AACACAU 
UGGAAUU A ACACAUU 
AACACAU U GCOC0CA 
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350 


CAUUUEJU C OCAACCC7 


352 


OUGOJCU C AACCOAA 


358 


CCAACCU A ADGGOCU 


364 


UAADSGQ C OACUAGA 


366 


AUSGCOJ A CQAGADS 


369 


OTCOACU A GADSACA 


379 


0GACAAU 0 GPGAAAU 


387 


GOGAAAO 0 AAADOOJ 


388 


OGAAADU A AADOCOC 


392 


AOTAAA0 a COCCAAA 


393 


OTAAAOT C OCCAAAA 


39S 


AAAOOCa C CAAAAAA 


405 


AAAAACa A AGOGAOU 


412 


AAGGGA0 a CAACAA0 


413 


AGOGAOT C AACAADG 


427 


GACCAAU U ADADGAA 


428 


ACCAXOT A OADGAAU 


430 


CAAOTAI7 A OGAADCA 


436 


UAD3AAD C AAOTADC 


440 


AADOU07 a ABCOGAA 


441 


ADCAADU A UC0GAAZ7 


443 


CAADCMJ C OGAADUA 


449 


□COTAAU U ACOOGSA 


450 


CCGAAOT A COOGGA0 


453 


AADQACSJ U GGADOTG 


458 


COTOGAU U OGAUCUU 


459 


UOTGADU U GAUCUUA 


463 


AUUUUA0 C UUAADCC 


465 


OUGADOT U AADOCAU 


466 


O3ADC0U A ADCCAI3A 


469 


3COTAA0 C CADAAA0 


473 


AADCCAU A AADUAEA 


477 


CADAAAU U ADAADOA 


478 


AUAAATO A OAADOAA 


480 


AAAOTMJ A ADGAAQA 


483 


OTAOAAD 1 U AAC3U0GA 


484 


UAOAADU A ADADCAA 


487 


AAOTAAU A OCAACOA 


489 


UUAAOAU C AACOAGC 


494 


ADCAACO A GCAAADC 


501 


AGCAAAU C AA05UGA 


507 


UGAADGU C ACOAACA 


511 


OGCCACO A ACACCAEJ 


519 


ACACCAD 0 AGOUAAD 


520 


CACCMJU A GOTAADA 


523 


CADUAGU V AAOAUAA 


524 


ADGMOT A ACtADAAA 
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Table 34: RSV (1C) EH Ribozyme Sequence 



at . 
Poaiti n 

10 



EH Ribozym* S«qu«nc« 



AAADOCU C0GAO3AGGC0GAAAGSCOGAA. ADOCGCC 

16 CUCAOCA CQGAOGAGGCCGAAAGGOCGAA ACCCOCA 

17 ACOOA PC CaGAOSAGGCCHAAAGGCOGAA AADCCOC 
21 CGSroOJ GXSAU3AGGCCGAAAGGCC3AA. ACCAAAO 
2S OAAGOGG OTSAOSAGGCOSAAAGGCCGAA ACOUAEC 

31 UAAABOU CaaaSAGGCCGAAAGGCCGAA. agcggca 

32 ooaaaijo aasAasAGGaasuuusccGAA aaguggo 

36 ggagota coGAnsAGGCCGAAAGGCCGAA AOUQAAG 

37 gggagot ojsadgaggccgaaaggccgaa. aaouoaa. 

38 aggsacu cc ra nT A fiGcc raA fl p cc GA A, aaadoua. 

42 ACCAAGG C0GAO3AOSOCGAAAOSO05AA. AG0OAAA 

46 ocuaacc CT a rr a GGcrT aA AG o e aB VA agsgagu 

50 CAU.uw COGaaSAGSCOSAAACSCCSAA ACCAAGG 

51 CCADOT COGADSAGGCGGAAAGGCCSAA. AAOCAAG 

67 CO CA APG COSADSAGGCaSAAAGGOOGAA ACOGCCG 

68 AOJCAAD GDGA05AGGCOSAAAGGCCGAA AACOGCU 
71 CAOACOC COSAD5AGGCCGAAAGGCCGAA AEGAADO 
76 OCOAOCA OXSAOTAGGCCGAAAGGCCGAA ACCCAACT 
81 OAACCOU CCGAD3AGGCOGAAAGGOOSAA ADCAtlAC 
37 COAACCU CDGAD3AGGCCGAAAGGOC3AA ACOOOTA 
88 C CaAAPC C0GAD3AGGCCGAAAGGOOGAA AAC00OT 

92 ADUCCGO C0GAO3AGGCCGAAAGGCEGAA ADCOAAC 

93 AADOCOG C0GAD3AGGCCGAAAGGCCGAA AADCOAA 

100 CCAAACA C03AD3AGGCCGAAAGGCCGRA ADCODGCJ 

101 GOCAAAC CCGAD3AGGCCGAAAGGCCGAA. AADDDDG 

104 ABOKJCA COGADSAGGOCGAAAGGCCGAA ACAAADU 

105 CADD30C CXXSAXXSU9GOOGAAAGGOOGAA AACAAAU 
120 *QAPBC aXSAOSAGGOOGAAAGGOOGAA ACGOCA0 
125 O OgOAAC COGADSAGGCCGAAAGGQCGAA. AOGCOAC 

128 OADDODC C03AD5AGGCOGAAAGGCCGAA ACAADGC 

129 OCADDOU COGAOSAGGCOGAAAGGCOGAA AACAAOG 
-35 AGCA03O CPG A P3A GG CO3AAAG0CCGAA. ADDUDUA 
143 ADCAGOA COGAOSAGGCOGAAAGGCOGAA AGCADGO 
145 OTOCCAG aaSAOSAGGCCGAAAGGCOSAA ADAGCAD 
1*1 AOOAAOT COGAOSAGGCOGAAAGGCCGAA. ADCAGQA 

155 AD30ADU COSADSAGGCCGAAAGGCCGAA. ADOTADC 

156 AAOGCAO C1 JGAO3A G GC0GAAA0GCO3AA AADOUAU 
2j9 OOAAADG C0GAO3AGGCCGAAAGGCCGAA ADUAADU 
163 OOAGDUA. COGAOGAGGCCGAAAGGCCGAA AOGQAOU 
ls4 UjUAUUIJ CDGAOSAGGCCGAAAGGCCGAA AADGOAD 

. CGOTAGU CCGAD3AGGCCGAAAGGCCGAA AAACGBA 
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169 AAAGCGU CUGAOSAGGCCGAAAGGCCGAA AGUGAAA 

175 UOAGCCA CCGATOAGGCCGAAAGGCCGAA AGCGUUA 

176 CUUAGCC C0GAO3AGGCCGAAAGGCCGAA AAGCGUU 
181 ACOGCCT C0GAO3AGGCCGAAAGGCCGAA AGCCAAA 
132 UO3OA0G CCGAO3AGGCCGAAAGGC0GAA ADCACUG 
196 UTOADUG CUGAD3AGGCCGAAAGGCCGAA. ADGCACC 
201 UCAADUU COGADGAGGCCGAAAGGCCGAA AUDGUA0 
206 GCCADUC CUGAIXSAGGCCGAAAGGCCGAA AOUUGAU 
216 CAAACAC COGAPGA GGCCG AAAGGCCGAA ADGCCAU 

221 AD3CACA OXiAIXSAGGCCGAAAGGCCGAA ACACAAO 

222 CAOCCAC COGADGAGGCCGAAAGGCCGAA AACACAA 

231 UCGOAA0 COGADGAGGCCGAAAGGCCGAA ACADGCA 

232 CDUGOAA C0CAP5AG G CC GA AAGG CC GAA AACADGC 

234 UAOJUGU CUGADGAGGCCGAAAGGCCGAA AQAACAU 

235 COACUDG COGAUGAGGCCGAAAGGCCGAA AAQAACA 
241 AUADCAC C O GADGAGGCCGAAAGGCCGAA ACTOGUA 
247 GGGCAAA COG A PGAGGCCGAAAGGCCGAA ACCACUA 

249 UAGGGCA COGAD3AGGCCGAAAGGCOGAA AUADCAC 

250 OGAGGGC COSADGAGGCCGAAAGGCCGAA AAOADCA 
256 UUAUUAU COGADGAGGCCGAAAGGCCGAA AGGGCAA 
259 AUADUAEJ CTOADGAGGCCGAAAGGCCGAA ADUAGGG 
262 ACAADAU COGADGAGGCCGAAAGGCCGAA AUUAXJUA 
265 ACUACAA COGADGAGGCCGAAAGGCCGAA AUUAUUA 
267 UUACUAC CU5AD3AGGCGGAAAGGGOGAA ADAUUAU 
270 AUUUUAC COGA03AGGCCGAAAGGCCGAA ACAADAO 
273 OGGADOU CTOATOAGGCCGAAAGCXCGAA ACUACAA 
278 GAAADOG COGADGAGGCCGAAAGGCCGAA, AUUUU AC 

283 GUUSUGA COGAOSAGGCCGAAAGGCCGAA. ADUGGAU 

284 OG0OGUG CUGADSAGGCCGAAAGGCCGAA AADUGGA 

285 UOGOOGU CO5ADSAGGC0GAAAGGC0GAA AAADUGG 
300 U UUSUAG COGADGAGGCCGAAAGGCCGAA AC0GGCA 
303 CAUUUUG COGADSAGGCCGAAAGGCCGAA AGUACDG 

316 CAUADAD aXSADGAGGCCGAAAGGCCGAA ACCOCCA 

317 CeADAPR, COGAOGAGG CCGAAA QGCCGAA AACCOCC 
313 OCOCAUA CaaADGAQGCCGAAAGGCCGAA, ADAACCU 
321 OOOOCCA COGADGAGGCCGAAAGGCCGAA AUADAAC 

338 ADSOGUO OXaDGAGOrnQVAAGGCCGAA ADUCCAU 

339 AADSOSO COGADGAGGCCGAAAGGCCGAA. AADUCCA 
346 OSAGAGC COGADGAGGCCGAAAGGCCGAA ADGUGUU 
350 AGGOOGA COSADGAGGCCGAAAGGCCGAA AGCAADG 
352 UUAGGUU COGADGAGGCCGAAAGGCCGAA AGAGCAA 
358 AGACCAU COGADGAGGCCGAAAGGCCGAA AGGUUGA 
364 OCSAGGA COGADGAGQCOG A A A QGCCGAA ACCAUUA 
366 GADCUAG COGADGAGGCCGAAAGGCCGAA AGACCAU 
369 OGOCADC COGADSAGGCCGAAAGGCCGAA AGUAGAC 
379 ADOOCAC COGADSAGGCCGAAAGGCCGAA ADOSUCA 

387 AGAADUU COGADGAGGCCGAAAGGCCGAA ADUUCAC" 

388 GAGAADU COGADGAGGCCGAAAGGCCGAA AADUOCA 
392 - UUDGGAG CUGAOGAGGCCGAAAGGCCGAA ADUUAAU 



273 



PTOOSGA. CTOADGAGGCCGAAAGGCCGAA AADUUAA 
uuuuuug CBGATCAGGCCGAAAGGCCGAA AGAADUU 
AAPGACQ CDGA03AGGCCG3UUU»XG^ AGODDUU 
ADOSOTG C0GAO3AGGCOGAAAGGCCGAA ADCACOU 
CATOGCU COGA03AGGCCGAAAGGCCGAA AAOCACU 
OOGAUAa CTOADGAGGCCGAAAGGCCGAA adogotc 
AOTCADA CTOUXatascCGAAAGCXXC^ AAOTGOT 
OSMJCia CTSAD3AGGCCGAAAGGCCGAA ADRADOG 
®nAATO C0GAD3AGGCCGAAAG3COGAA ADUCAEA 
OTCAGA0 CTOAIX3AGGCCGAAAG3CCGAA AOTGADU 
AOT»GA COGAXX3AGGCCGAAAOCCCGAA AAOOGAXJ 
aAATOCA aX3A03AG3CCGAAACGCCOA AJCAADDG 
WCAAGO aX3A03AGC3CCGAAAGGCCGAA ADCCAGA 
AOXAAG OTSAIXaGGCXGAAAGGCCGAA AADDCAG 
CAAADCC COSATOAGGCCGAAAGGCCGAA AGUAAOT 
AAGMICA C03ATOAGGCCGAAAGGCCGAA ADCCAAG 
3AAGADC OXSAIXaGGCCX3aUAGCXXX3AA AADCCAA 
GGADOAA GXaADGMGCCGAAAGGGCGAA ADCAAAU 
AXXSGADU CD3AD3AGGCCGAAAGGOOGAA ASADCAA 
TOTOGAa CCX5AIJ3AGGCCGAAAOGCCGAA AAGADCA 
ATOOADG COSADQU3GCOGAAAGGCC3AA ADOAAGA 
QADAADU CDGAIX3ACGCCGAAAGGCOGAA ADGGADO 
QAADOA0 CTOUX3AGGCCGAAAGC300GAA ADOUADG 
OTAADOA axa03AGGCC33AJUU5GCCGAA AADOOAU 
OAOTAAU CUGATOAGGCCGAAAGGOOGAA ADAADUU 
affltfMa axaOSACGCCGAAAGCSCCGAA ADUAHAA 
TO»nA0 OTA0SAGGCO3AAAGGCCGAA AADUADA 
^AGOTGA CTSAOSAGGCCGAAAGKCGAA ADUAADU 
GCa * GOT OX3ADS«KXCaUU«X^ ADADOAA 
GADOT3C CTOAaSAGGCaSAAAaXOSAA AG3UGA0 
a^Ona CCGAD3AGCXX33AAAGC3Ca3^ ADOTGCa 
C^raOT OX3A03AGC3CCGAAAGOCCGAA ACAOTGA 
ATOOTSU CU3AD3A0GCCGAAAOGOOSAA AOTGACA 
AOTAAOJ CTOAD3AGCOCC2AAAG3CCGAA ADGGOGQ 
UMOMC COSADGAGGCOSAJ^ 
UaAn *DU COSAU3AGGCOGAAAGGCCGAA ACUAAB3 
0DaM3A ^ CTOAB3AGGCCC3AAAGGCOGAA AACUAAU 
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Table 35: RSV (N) EH Target Sequence 



at . 




Position 




9 


GGCAAA0 A CAAAGAU 


21 


GADGGCU C OGAGCAA 


23 


uuujucj a agcaaag 


24 


(msIVCUU a gcaaagu 


32 


GCAAAGa C AAGOTGA 


37 


GCCAAOT 0 GAADGA0 


45 


GAADGAU A CACOCAA 


50 


ADACACU C AACAAAG 


60 


CAAAGAEJ C AACUUCU 


65 


ASGAACB U CUGUCAO 


66 


OCAACDU C UUJCADC 


70 


CUIUXAJ C ADOOU3C 


73 


CCGOCA0 C CAGCAAA 


82 


ASCAAAU A CACCABC 


89 


ACACCAg C CAACGGA 


108 


AGGAGA0 A CAJEAUUGA 


111 


AGAOAOT A OOGAEAC 


113 


AGAGGAU U GAGACDC 


117 


UAUUCiAU A CUCCUAA 


120 


OSAUACU C CGAADOA 


123 


OACUCCU A AUUAUGA 


126 


UCCUAAU (7 ADGADGJ 


127 


CCUAADU A OGADGOG 


146 


AACACAD C AADAAOT 


150 


CADCAAQ A AGUUADG 


154 


AADAAGU 0 ADGOGGC 


155 


ADAAGOT A OGUGGCA 


166 


GGGAOGC7 U ADCAADC 


167 


GCALKjUU a otaadca 


169 


ADGOGA0 U AADOUCA 


170 


OGUCADU A ADGACAG 


173 


OADOAAU C ACAGAAG 


186 


AGADGCO A ADGAOAA 


189 


OSCGAAU C AQAAADU 


192 


TJAADCAD A AADOCAC 


196 


CAQAAAU U CACOGGG 


197 


AEAAAOT C ACOGGGa 


205 


AOWGGU a AADACCU 


206 


CUU^UU A ADAGGQA 


209 


G3UUAAU A GGUAJDGU 


213 ■ 


AADAGGU A CGOTAUA 



at. HH Target Ssqusncs 
Position 



217 GGGADGU U AHADGCG 

2 - 8 G3ADG0U A OAD3CGA 

220 ACGUUAD A CGCGADG 

225 GC5ADKJ C CAGGCCA 

231 GADGCCU A GGCOAGG 

235 CCDMOT a AGGAAGA 

236 COAGGOT A GGAAGAG 
254 ACACCA0 A AAAADAC 
260 OAAAAAU A CTCAGAG 
263 AAADACa C AGAGACG 
277 GCGGGAU A UCAUGUA 
279 GGGADAU C ACGOAAA 
284 ADCAUGU A AAAGCAA 
299 AEGGAGU A GACGQAA 
305 GAGABGO A ACAACAC 
315 AACACAU C GCGAAGA 
318 ACADOGU C AAGACAU 

326 AAGACA0 a AACGGAA 

327 AGACAOT A ATOGAAA 

346 ABGAAAX7 U CGAAGOG 

347 CGAAADU U GAAGCGU 

355 GAAGUGU a AACADUG 

356 AAGOGCU A ACADUGG 
361 UUAACAU U GGCUGC 

370 GCAAGCU U AACAACU 

371 CAAGCOU A ACAACCG 

383 OTSAAAD U CAAADCA 

384 CGAAADU C AAADCAA 
389 UCCAAAD C AACADCG 
395 CCAACAU U GAGAUAG 
401 UUGAGAU A GAADCUA 
406 ADAGAAD C UAGAAAA 
408 AGAADCU A GAAAADC 
415 AGAAAAU C CUACAAA 
418 AAADCCU A CAAAAAA 
431 AAAUGCU A AAAGAAA 
449 GAGAGGa A GCCCCAG 
453 GGOAGCU C CAGAADA 
460 CCAGAAU A GAGGCA0 
472 CACGACU C CCCCGAU 
474 OGACUCU C CCGADCG 
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480 


UCCOGAU U GCGGGAU 


491 


GGADGAU A AUADUAU 


494 


OGADAAU A OOAOGUA 


496 


AEAADAU a ADGUAEA 


497 


UAADADU A OGGAUAG 


501 


ADUADGU A UAGCAGC 


503 


GADGOAU A GCAGCAU 


511 


GCAGCAU a AGGAADA 


512 


CIGCAUU A GOAAEAA 


515 


CADUAGU A AUAACUA 


518 


UAGUAAU A ACUAAAU 


522 


AAUAACU A AAUUAGC 


526 


ACUAAAU U AGGAGCA 


527 


COAAADU A GCAGCAG 


544 


GACAGAU C UUjUCUU 


549 


ADCOGGU C OTAOGC 


551 


CD0GLUI a ACAGCCG 


552 


OGGUITJU A GMGCCGO 


563 


CCGSXiAU u aggagag 


564 


CG03ADU A GGAGAGC 


573 


GAGAGCU A AHAADGU 


576 


AGCUAAU A ADGOCCU 


581 


AUAAUGU C CGAAAAA 


584 


ADGOOCU A AAAAADG 


603 


GAAACGU U ACAAAGG 


604 


AAACGUU A CAAAGGC 


613 


AAAGGCU U ACOACCC 


614 


AAGGCUU A COACCCA 


617 


GCUOACU A OOCAAGG 


629 


AGGACAU A GCCAACA 


640 


AACAGCU a CDAUGAA 


641 


ACAGCOU C UAUGAAG 


643 


AUJUUJU A OGAAGUG 


652 


GAAGOGU a QGAAAAA 


653 


AAGOGUU U GAAAAAC 


663 


AAAACAU C OCCACUU 


670 


CCCGACU U UAGAGAU 


671 


cccacuu u auagadg 


672 


CCACUUU A OAGADGU 


674 


ACOUGAU A GAUUUUU 


680 


UAGADGU U UUUGUOC 


681 


AGADGUU a UUGUUCA 


662 


GAUOTOU a UGUUGAU 


683 


ADGODOU U GOUCAOU 


686 


UUUUUGU 0 CADUUUG 


687 


UUUUUUU C AUUUUGG 


690 


STOUCAU U OOGGUAU 


691 


GOUCAUU U OGGGAOA 


692 


UUCAUuu 0 GGGAUAG 



( 
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696 


UUUUGGU A UAGCACA 


698 


OOGGUAU A GCACAAU 


706 


GCACAAU C OUCUACC 


708 


ACAADCU U COACCAG 


709 


CAAUCOU C UACCAGA 


711 


AUCUUCU A CCAGAGG 


726 


CGGCAGU A GAGUOGA 


731 


GOAGAGU U GAAGGGA 


740 


AAGGGAU 0 UOOGCAG 


741 


AGGGAUU U UOGCAGG 


742 


GGGADUU U OGCAGGA 


743 


GGADUUU U GCAGGAU 


751 


GCAGGAU U GUUUAUG 


754 


GGADUGU U UAOGAAU 


755 


GAUUGUU a AUGAAUG 


756 


AUOGCUU A UGAADGC 


766 


AATOCCU A OGGOGCA 


787 


GTOADSU a ACGGUGG 


788 


UGAUGUU A CGGOGGG 


800 


GGGGAGU C UOAGCAA 


802 


GGAGOCU a AGCAAAA 


803 


GAGUCUU A GGAAAAU 


811 


GCAAAAU C AGOUAAA 


815 


AADCAGC U AAAAAUA 


816 


ADCAGOU A AAAAGAU 


822 


QAAAAAU A UOADGUU 


824 


AAAAUAU U AOGUUAG 


825 


AAAOADU A OGOUAGG 


329 


ADUAD3U U AGGACAU 


830 


UUAU3UU A GGACAUG 


840 


ACADGCU A GCGCGCA 


866 


AACAAGU 0 GUOGAGG 


869 


AAGCUGU a GAGGUUU 


875 


OCGAGGU a UAOGAAU 


876 


OGAGGOU U ADGAAUA 


877 


• GAGGUOU A OGAADAU 


883 


UAUGAAU A OGCCCAA 


895 


CAAAAAU U GGGCGGU 


913 


GCAGGAU U CUACCAU 


914 


CAGGADU C UACCAUA 


916 


GGAUOCU A CCAUAUA 


921 


CUACCAU A UAUOGAA 


923 


ACCAUAU A OUGAACA 


925 


CAUAUAU U GAACAAC 


943 


AAAGCAU C AUUAUUA 


946 


GCAUCAU U AUUAOCU 


947 


CAUCADU A OUAUCUU 


949 


UCAOOAU U AUCOUUG 


950 


CAUUAUU A UCUUUGA 
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952 


UUAOUAU C UUUGACU 


954 


ADOAJDCQ U OGACUCX 


955 


UUAUCUU U GJU_TJt!iAA 


960 


UUGGACU C AADOOCC 


964 


ACUCAAU H OCCDCAC 


965 


CUCAADU U CLTJCACtJ 


966 


T3*AATflnj C CQCACDU 


969 


AUUDCCU C ACUCCCC 


973 


CCUCACU U CDCCAGU 


974 


CCCACGO C UCCAGCG 


976 


CACUOCU C CAfirXiTIA 


983 




986 




988 


GQAGGAO 0 AffiVAAfT 


989 


UAGUAUU A GSCAAOS 


1007 


COttGOLU A GGCAI2AA 


1013 


OAGGCAU A AGGGSAG 


1024 


GGAGAGCJ A CAGAGGU 


1032 


CAGAGGCT A GACOGAG 


1044 


GMGAAD C AAGAOCU 


1050 


UCAAGAU C UAEAOGA 


1052 




1054 


GAUCUAU A 0GA0GCA 


1072 


AAGGCXTT A UNLTXiAA 


1085 


AACAACCT C A A AHA ft ft 


1103 




1104 


fv^i if jArrfT i j^nnrt 

wWWMUMW A AUUALAU 


1108 


**WWAAfc»W A wWWUA 


1115 




1118 




1123 


CUAGACX7 tj GACAGCX 


1139 


AAGAACO A GAGGCOA 


1146 


AGAGGCT7 A BCAAATA 


1148 


AGGCUAD C AAATAnr 


1155 


CAAACAU C AffTffTAA 


1160 




1161 




1164 




1173 


AAAAGAU A ADGACOT 


1181 


ADGAOOT A GAGCUUU 


1187 


UAGAGCU U 0GA50UA 


1188 


AGAUCUU 17 GAGOUAA 


US3 


OOTSAOT 0 AAQAAAA 


1154 


UOGAGUU A AUAAAAA 
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Table 36: RSV (N) HH Ribozyme Sequence 



« • HH Ritooxyma Siqutsci 

Position 

9 ADCUUOG COGAOSMGCCGAAAGGCCGAA ADUUGCC 

21 UTOCUAA C0GAO3AGGCCGAAAGGCCGAA AGCCACC 

23 c uuuijCa aX3ADGAG3CCGAAAGGCC3AA AGAGCCA 

24 ACTOOGC CUGAD3AG3CCGAAAGGCCGAA AAGAGCC 
32 OCAACOU aXSAOSAGSCrGSUUUS^^ ACUUDGC 
37 AOCAOTC CDGAOSAGGCCGAAAGGCCGAA ACTCGAC 
45 UOGAGOG CWSAIX2AGGCCGAAAGGCCGAA ABCADCC 

so croasaa cxxsaosaggcogaaagsccgaa aototuj 

SO AGAAOTU aXSATOAGGCCGAAAGGCaSAA ADCUUOG 

65 AOSACAG aXSADGaGGCaSAAAGGCCGAA AGOOGAU 

66 GftOSACA CXX3AOSAOGOCGAAAGGCOGAA AAGOOGA 
70 GCOS GAP CCX5AQ3AGGCGGAAAG3CCGAA ACAtSUG 
73 0OT3OX3 aXSATOAGGCOSAAAGGCOGSU AEGACAG 
82 GAPCGOS COGATOAGGCCSAAAGGCCGAA, ATOOGCU 

39 0ccgco3 ctxaabsagggogaaaggcogaa acggogu 

108 ucaadac cixsadesmgoogaaaggcocjAa adcdccu 

111 GOADCAA aXSACGAGGCXGAAAGGCCGAA ACUADCU 

U3 GAOTADC CtXaAIXSAGGCCGAAAGGCCGAA AI2ACUAU 

117 UOAGGAG COGADGAGGCCGAAAGGCCGAA ADCAADA, 

120 UAADUAG CUGAD3AGGCCGAAAGGCCGAA. AGOADCA 

123 UCMAAX7 CUGAD3AGGCCGAAAGGCOGAA AGGAGUA 

126 ACACCA0 aXSAIXSAGGCCGAAAGGCCGAA AEUAGGA 

127 CACADCA COaiXaGCrCCBUAGKXG^ AADCAGG 
146 ACUOMJU CTOMX3AGQCCGAAAG3COGAA AbUJUJU 
150 CAUAACa aXSAOSAOGCCGSUUUSGCCGAA ADOGADG 

154 GOCAC AP aXSATOAGGCCGAAAGGCOSAA ACOTAOT 

155 03CCACA aXSAZXSAGGCOSUAOGCCGAA AACOTA0 
166 GADOAAD CUGAD3AGGCCGAAAGGCCGAA ACADGCC 
157 OTADUAA COSATOAGGCCGAAAGGCOGAA AACAOGC 

169 05Q3AOT CTSADSAGGCCGAAAGGCCGAA ADAACA0 

170 wUwAaAg OX3A03AGGCCGAAAGGCCGAA AACAACA 
173 CODCTOU CaSAOSAGaCCGAAAOCSCOGAA AOTAAEA 
186 OUAO3A0 COSAIX3ACCXCGAAAGGCCGAA AGCADCU 
189 AADUOAU CO»OGMCXX33AAAGCX»3AA ADUAGCA 
192 OT3AADU COGATOAGGCCGAAAGGCCGAA ADGADUA 

156 CCCAOTG COTATOAGGCCGAAAGGCCGAA ADOTADG 
197 ACCCAGU CUGAOTAGGCCGAAAGGCCGAA AAETJUAU 

205 ACCDAOT COGAU3AGGCCGAAAGGCCGAA ACCCAGU 

206 UACCOA0 CUGADGAGGCCGAAAGGCCGAA AACCCAG 
209 ACAUACC CUGAOGAGGCCGAAAGGCCGAA ACUAACC 
213 „ . UAUAACA COGADSAGGCCGAAAGGCCGAA ACCUADU 
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217 CQCADAP COSMX»OGCCX»UUU3t»XG^ ACAX2ACC 

218 OCGCACA CUGAD3AGGCCGAAAGGCCGAA AAQBAC 
220 CADCGCA OTGADSAGGGXAAAGGCCGAA AUAACAU 
229 OAACCOA CUGADSAGGCCGAAAGGCCGAA ACADCGC 
231 CCOAACC C0GAU3AGGCCGAAAGGCCGAA AGACADC 

235 UCUOCCU CUGA03AGGCCGAAAGGCCGAA ACCUAGA 

236 CU Cuui^ OTSAO3AGGC0GAAAGGCCGAA AACCOAG 
254 OTADOTU COSAIX3AGGCCGAAAGGCCGAA ACGG U G U 
260 ^ JuJWfi OTSADSAGGCOGAAAGGCCGAA AUUUUUA 
263 CAlXiuw C9SAO5AGGCOGAAAG9C0GAA. AGUAUUU 
277 GACADS& COGA0SAGGCXGAAAGGOOGAA ADCCCGC 
279 UOTACAU C0GAO3AOGCGSAAAO0C0SAA AZ2ACCCC 
284 OTSCOTU CCX3A03AGGCCGAAAGGCOGAA ACADGAU 
299 UOACAPC axaXXaOGCOSAAAGSCOSAA ACOCCAU 
305 ijUjwaju CO GADSAGGCOGAAAGQCOGAA ACAPCQA 
315 OCOOGAC CDGAOSAGO00CSAAAO0C0GAA ADGOGOU 
318 AUmwuu COSADSAGGCCGAAAGGCCGAA AGGADGCJ 

326 OOGGADU COSADGAGGCOGAAAGQCOGAA ADUUCUU 

327 UU UTAD OX3AD3AGGCOGAAAGGCCGAA AADGUCU 

346 CAC0OCA OTSAO3AGSC0GAAAG3C0GAA ADOUCAU 

347 ACACDOC aXSAZXSAGCMOSAAAGGOOGAA AADOTCA 

355 CAADSOU OXttDSAGGCOGAAAGSCCGAA ACACDOC 

356 CCAAOOT CBSADSAGGCCGAAAGGGCGAA AACACOU 
361 ^UUjOJ OX3tfX»GGCa3UVAGGC0G^ ADGDOAA 

370 AUJUJUU CTGAXX3AGC3CCGAAAOOOOGAA AGCOTGC 

371 CA touuw CTSAO3WGC0QAAA0CS00SAA AAGCOOG 

383 aGADOOS CDSAO3AOGC0GAAAG500SAA ADD0CU3 

384 OTGAOTU axaDGAOQCOCSUUtfSSCCSAA AADOTCA 
389 CAAOSOT OX3W3AG(Xa3WUyQOCCGAA ADOOGAA 
395 CUAOOr OTSADSAGGCCGAAAG3COGAA ADGODGA 
401 OAGAPCC CTSAO3AG0CCQAAAGQCCGAA A0COGAA 
406 UUUUUA OXMXSAGGCCGAAAGSCOGAA. ADDCOAIJ 
408 GADOOTC CDGAOSAGGO0QAAAOSCCSAX AGADOCG 
415 wwtfO axaaSWQOOGAAAflOOOGAA AUUUUOJ 
418 UUUUUW aXSAOSAGQCCGAAAGQCCGAA AOGADUU 

431 uuiui uu rnr a rraOT m faAAff x c c AA, agcadou 

449 CTOAGC O X a ri 5A tiU, t T tAAAGQ CO G AA ACC0C0C 

453 QADOTO aXBUXSAGQOCGAAAGQCOGAA AGCOACC 

460 AD5CC03 OXSAOSACGCCGAAA08CCGBUI AOTC0GG 

472 ADCAGGA COSAOMQCCGAAAGQCCGAA AG0CADG 

474 CAAPCAG CPBAOSAGGCOGAAAQQCOGAA AGAG0CA 

480 AP CCC AC COSAOSAGGOaSAAAGOCOCSAA ADCAGGA 

491 AUAADA0 GX2AZX2AGGCGGAAAGGCOSAA ADCADCC 

494 OACAnAA COSADGAGGCOGAAAGGCCGAA A0UADCA 

496 UADACA0 OTADGAGGCCGAAAGSCOGAA ABADUAX7 

497 CQAHACA CUSADSAGGOCGAAAGQCOGAA AADADUA 
501 GOTCOX aXaDBAOGCnaAAGOCCGAA ACA0EAAD* 
503 ADCCOSC CqSADSAGSOOGAAAGGCCGAA AOACADA 
511 UADUACa COSADSAGGCCGAAAGGCCGAA AOGCUGC 
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512 uuauuaC COGADSAGGCCGAAAGGCCGAA AADGCOG 

515 UAGOOAO COGADSAGGCCGAAAGGCCGAA ACOAADG 

518 ADDOAOT OX3AD3AGGCCGAAAGGCCGAA ADOACUA 

522 GCOAAOU COGADSAGGCCGAAAGGCCGAA AGOOADU 

526 OGCOGCO COGADSAGGCCGAAAGGCCGAA ADOUAGO 

527 OXSCOSC COGADSAGGCCGAAAGGCCGAA AADUCAG 
544 AAGACC A CDSADSAGGCCGAAAGGCCGAA ADCOGCC 
549 GCTGOAA COGADSAGGCCGAAAGGCCGAA ACCAGAD 

551 CGGCOOT COGADSAGGCCGAAAGGCCGAA AGACCAG 

552 ACGGO Xi COGADSAGGCCGAAAGGCCGAA AAGACCA 

563 lUUJU-U CDGAIXMGCCGAAAGGCCGAA ADCACGG 

564 GOJCOCC COSADGAGGCCGAAAGGCCGAA AADCACG 
573 ACADOAD COGADSAGGCCGAAAGGCCGAA AGCOCUC 
576 AGGACAIJ COGADSAGGCCGAAAGGCCGAA ADUAGCU 
581 U OuuuaG COSADGAGGCCGAAAGGCCGAA ACADUA0 
584 CAUUUUU COGADSAGGCCGAAAGGCCGAA AGGACAO 

603 CaJUAJU COGADSAGGCCGAAAGGCCGAA ACGDOCC 

604 flOLim W CO GADSAGGCCGAAAGGCCGAA AACGOOD 
$13 GGGOAGO C0GADGAGGCCGAAAGGOCGAA AGCCO0U 
614 XX*kJJ*C CDSADSAGGCCGAAAGGCOGAA AAGCCOO 
617 iwUu<*j G COGADSAGGCCGAAAGGCCGAA AGUAAGC 
629 OUUIX KC COGADSAGGCCGAAAGGCCGAA ADGOCCD 

640 OTCADAG COGADSAGGCCGAAAGGCCGAA AGCOGCU 

641 CO OCAn A CD3AD3AGGCCGAAAGGCCGAA AAGCOGCJ 
643 CACOOCA COGADSAGGCCGAAAGGCCGAA AGAAGCU 

652 Owuuuuft COGADSAGGCCGAAAGGCCGAA ACACOCC 

653 uuuuum; COGADSAGGCCGAAAGGCCGAA AACACUU 
662 AACTGGG COSADGAGGCCGAAAGGCCGAA ADGOUUU 

670 ADCaADA CD3AD3AGGCCGAAAGGCCGAA AGOSGGG 

671 CADCOAIJ CDSADSAGGCCGAAAGGCCGAA AAGCGGG 

672 ACADCOA CDSADSAGGCCGAAAGGCCGAA AAAGOGG 
674 AAACADC CDSADSAGGCCGAAAGGCCGAA ADAAAGO 

680 GAACAAA COGADSAGGCCGAAAGGCCGAA ACADCOA 

681 OGAACAA CDSADSAGGCCGAAAGGCCGAA AACADCD 

682 AOSAACA CDSADSAGGCOGAAAGGCCGAA AAACADC 

683 AADGAAC CDSADGAGGCnGAAAGGCCGAA AAAACA0 

686 CAAAADG CDSADSAGGCCGAAAGGCCGAA ACAAAAA 

687 CCAAAA0 COGADSA&GCCGAAAGGCCGAA AACAAAA 

690 ADACCAA COGADSAGGCCGAAAGGCCGAA AOSAACA 

691 OADACCA CDSADSAGGCCGAAAGGCCGAA AADGAAC 

692 COAnACC CDSADSAGGCCGAAAGGCCGAA AAADSAA 
696 U^**»u* COGADSAGGCCGAAAGGCCGAA ACCAAAA 
698 ADOGD3C COGADSAGGCCGAAAGGCCGAA ADACCAA 
706 GGOAGA A CDSADSAGGCCGAAAGGCCGAA AD0GOGC 

708 COGGOAG CDSADSAGGCCGAAAGGCCGAA AGADOGQ 

709 0CO3GUA CDSADSAGGCCGAAAGGCCGAA AAGADCG 
7U CCOCOSG COGADSAGGCCGAAAGGCCGAA AGAAGAD 
726 ^CAACO C COSADGAGGCCGAAAGGCCGAA ACOGCCA 
731 UCCCOOC COGADSAGGCCGAAAGGCCGAA ACUCUAC 
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740 COGCAAA COGA03AGGCGGAAAGGCCGAA. ABCCCTO 

741 CCUGCAA CCGAD3AGGCCGAAAGGCCGAA AADCCCU 

742 CCCOSCA COGADSAGGCCGAAAGGCCGAA AAADCCC 

743 AOCCOGC COGATOAGGCCGAAAGGCCGAA AAAADCC 
751 CAEAAAC CUGADGAGGCCGAAAGGCCGAA ADCCDGC 

754 A DDCAa A C0GAO5AGGCCGAAAGGCOGAA ACAADCC 

755 CADOCAa CUGADGAGGCCGAAAGGCCGAA AACAADC 

756 GCAO CCA C0GAO3AGGCCGAAAGGCCGAA AAACAA0 
766 OGCACCA C9SAOSAGGCCGAAAGGCOSAA AGGCAUU 

787 cavocca cdgaosmgccgaaacgccgaa acaccac 

788 CCC A CCG C0GAD3AGGCCGAAAGGC0GAA AACAECA 
800 UmOI AA COGADGAGGCCGAAAGGCOGAA ACOCCCC 

802 uooroca cogaosaggccgaaaggccgaa agacocc 

803 AUUUUGC GX3A0SAGGCCGAAAGGOOGAA AAGACCC 

811 UUOAACU COGADSAGGCCGAAAGGQOSAA AUUUUG C 

812 UAODDDa C0GAO5AGG00GAAAGGC0GAA AQXSADU 
816 AOADODU CDGAD3AGGCCGAAAGGCCGAA AACOGAO 
822 AACAHAA CCJGAD5AGGCCGAAAG330GAA AUUUUUA 
824 CUAACAU COSADGAGGCCGAAAGGCOGAA AQABTOU 
325 CCDAACA COGAOaAGQCCGAAAGGCOGAA AADADTO 

829 AD50CCC7 rTT^arnAfl egpeuut ^Tm^ ACAEAAU 

830 CAOGOCC CSGARjAGGCCGAAAGGGCGAA AACADAA 
340 OTCACAC C0GAD3AGGCOGAAAG3CCGAA AGCADGU 
866 CCOCAAC aXSAOGAGGCCGAAAGOOOGAA ACOOGOU 
869 AAACCOC COGADGAGGOCGAAAGGCOGAA ACAACUU 

875 AOTOfflA CtXS A OSAflGCOCiA AA GGCCGAA ACCOGAA. 

876 aAOTZAO QXS A D SA GOLX* aA A A GG CCG AA* AACCUCA 

877 AGAOTCA CTGAPGAGGCCGAAAQGCOGAA, AAACCOC 
883 UUSQGCA CU3ATOAGGCCGAAAGGCCGAA ADUCADA 
395 A C e ACC C aXSATOAGGCCGAAAGGCCGAA A UUUUU G 

913 AP3GOAG CTGAOSAGGCOGAAAGGCCGAA ABCCOGC 

914 UAD3OTA COGADGAGGCCGAAAOGCOGAA AADCCOG 
916 UAUADSG rrrsarKartf?nr^ Aftmrn ^ AGAADCC 
921 OraMA COGAaSAGGCCQUVAGGCCGAA ADGGUAG 
923 vAfUUkwiA aXSADSAGGCe^AAGGCCGAA AEMGGO 
925 GOTOTOC COGA03AGGCOCSAAAGGCOGAA ACMMG 
943 GAAHAAU COGADGAGGCCGAAAGGOCGAA A O GCUUU 

946 AGADAA0 COGAOSAGGCCGAAAGGCCGAA ADGAOGC 

947 AACADAA COGADGAGGOCGAAAGGCOGAA AADSADG 

949 CAAAGAU COGAOGAGGCCGAAAGGCCGAA AOAADGA 

950 OZAAAGA OTAOGAGGCCGAAAGGCOGAA AADAADG 
952 AGUGAAA C O G A IH A GGOOGAAAGGCCGAA ADAADAA 

954 03AGOCA axaOSAGGGOGAAAOGOCGAA AGABAAO 

955 UOGAGOC COGAOGAGGCCGAAAGGCCGAA AAGAQAA 
960 GGAAAOT COGACTj A flGOOQ AA AGG C CGAA. AGUGAAA 

964 GUGAGGA COGAOSAGGCCGAAAGGCCGAA. AOTGAGO 

965 AGOSAGG COGAOGAGGCCGAAAGGCCGAA. AADOGAG* 

966 AAGOGAG COSAOG A GGC O GA AA GGOC G AA AAABOGA 
969 - GAGAAGC COGAOGAGGCCGAAAGGCCGAA AGGAAAU 
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973 ACOGGAG CUGAUGAGGCCGAAAGGCCGAA AG3GAGG 

974 CACCGGA CUGADGAGGCCGAAAGGCCGAA AAGCGAG 
976 UACACTG COGADSAGGCCGAAAGGCCGAA AGAAGCG 
383 CUAAOAC COGADGAGGCCGAAAGGCCGAA ACACOGG 
586 DGCCOAA COGADGAGGCCGAAAGGCCGAA ACOACAC 

988 AUUGCCU COGADGAGGCCGAAAGGCCGAA AGACOAC 

989 CADDGCC COGAOGAGGCCGAAAGGCCGAA AADACUA, 
1007 OUATOCC COGADSAGGCCGAAAGGCCGAA AGGCCAG 
1013 COCCCAU CDGaDGAGGCCGAAAGGCCGAA ACGCCUA 
1024 ACOJCDS OTGADGAGGCCGAAAGGCCGAA ACCC JC C 
1032 COCGGDS aKSADGAGGCCGAAAGGCCGAA ACCOC U C 
1044 AGADCUU CB5AD5AGGCCGAAAGGCCGAA ADCCCOC 
1050 OCADMIA OTGKTOAGGCCGAAAGGCCGAA ACCCCGA 
1052 GADGABA COGADSAGGCCGAAAGGCCGAA AGADCUO 
1054 OGCADCA COGADGAGGCCGAAAGGCCGAA ACAGAOC 
1072 ODCAGCA CDSADGAGGCCGAAAGGCCGAA ACGCCTO 
1085 DUUCUUU COGADGAGGCCGAAAGGCCGAA AGGUGCU 

1103 UGOAGUU OX3ADSAGGCCGAAAGGCCGAA ADCACAC 

1104 CUjUAGO CD3ADSAGGCCGAAAOGCCGAA AADCACA 
-108 dacaox; CDSADSAGGCCGAAAGGCCGAA agcuaad 
1115 AGUCUAG CDSADSAGGCCGAAAGGCCGAA ACACGGD 
1—8 OCAAGDC COGADSAGGCCGAAAGGCCGAA AGUACAC 
1123 UGCOGOC C0GAD3AGGCO3AAAGGCCGAA AGCCUAG 
U39 OAGCCO C CDSADSAGGCOGAAAGGCCGAA AGOTCUU 
U46 UGUUUGA OX3ADSAGGCCGAAAGGCCGAA AGCCDCU 
11*8 GADGCUU COGADSAGGCCGAAAGGCCGAA AEAGCCU 
1155 UUAAGCO CDSADSAGGCCGAAAGGCCGAA AEGUUUG 
1150 UOTGAUU COGADSAGGCCGAAAGGCCGAA AGCOGAO 
1161 UOUGGAD COGADSAGGCCGAAAGGCCGAA AAGCCGA . 
1154 UCOUCOG COGADSAGGCCGAAAGGCCGAA ATOAAGC 
1173 ACADCAD COGADSAGGCCGAAAGGCCGAA AD C UUUU 
118 1 AAAGCOC CDSADGAGGCCGAAAGGCCGAA ACADCAD 

1187 OAACOCA COGADSAGGCCGAAAGGCCGAA AGCCCOA 

1188 OOAACOC CDSADSAGGCCGAAAGGCCGAA AAGCOCJ 
1133 OOOOAO U CDSADSAGGCCGAAAGGCCGAA ACOGAAA 
1154 uuuuuaU COGADSAGGCCGAAAGGCCGAA AACOGAA 
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Table 39: Large-Scale Synthesis 



Sequence 


Activator 
[Added/Final] 
(min) 


Amidita 
[Added/Final] 
(min) 


Tim a* 


% Full 

Length 
Product 


AgT 
A 9 T 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


85 
89 


(GGUfeGGT 
(GGU) 3 GGT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


78 
81 


C 9 T 
CgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


90 
97 


UgT 
UgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


80 
85 


A (36-mer) 
A (36-mer) 
A (36-mer) 
A (36-mer) 
A (36-mer) 


T [0.50/0.33] 
S [0.25/0.1.7] 
S (0.50/0.24] 
S [0.50/0.18] 
S (0.50/0.18] 


[0.1/0.02] 
[0.1/0.02] 
[0.1/0.03] 
[0.1/0.05] 
[0.1/0.05] 


15/1 5m 
15/15 m 
15/15 m 
15/15 m 
10/5m 


21 
25 
25 
38 
42 



'Where two coupling times are Indicated the first refers to RNA coupling 
and the second to 2'-0-methyl coupling. S - 5-S-Ethyltetrazole, T = 
tetrazole activator. A is 5' -ucu ccA UCU GAU GAG GCC GAA AGG CCG 
AAA Auc ecu -3' where lowerecase represents 2'-0-methylnucleotides. 
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Table 40: 



Sequence Deprotection 
Reagent 



iBu(GGU) 4 NKtOH/EtOH 
MA 
AMA 
MA 
AMA 

iPrP(GGU) 4 NH4OH/EIOH 
MA 
AMA 
MA 

AMA . 

CgU NhUOH/EtOH 
MA 
AMA 
MA 
AMA 

A (36-mer) NhUOH/EtOH 
MA 



Base Deprot ction 



Time T °C % Full 
0nln) Length 
Product 



16h 


55 


62 5 


10 m 


65 


62 7 


10m 


65 


74 a 


10 m 


55 


75 0 

f W*W 


10 m 


55 


77.2 


4h 


65 


44 8 


10 m 


65 


65 Q 


10 m 


65 


59.8 


10 m 


55 


61.3 


10m 


55 


60.1 


4h 


65 


75.2 


10m 


65 


79.1 


10m 


65 


77.1 


10m 


55 


79.8 


10m 


55 


75.5 


4h 


65 


22.7 


10m 


65 


28.9 
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Table 41: 2'-0-AlkylsiIyl Deprotection 



Sequence Deprotection Time T °C % Full 

Reagent (min) Length 

Product 

AqT TBAF 24 h 20 84.5 

1.4 MHF 0.5 h 65 81.0 

(GGUU TBAF 24 h 20 60.9 

1.4 MHF 0.5 h 65 67.8 

Cio TBAF 24 h 20 86.2 

1.4 MHF 0.5 h 65 86.1 

Uio TBAF 24 h 20 84.8 

1.4 MHF 0.5 h 65 84.5 

B(36-mer) TBAF 24 h 20 25.2 

1.4 MHF 1.5 h 65 30.6 

A(36-mer) TBAF 24 h 20 29.7 

1.4 MHF 1.5 h 65 30.4 
B is 5'- UCU CCA UCU GAU GAG GCC GAA AGG CCG AAA AUC CCU 

-3'. 
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Table 44. Kinetics of Self-Processing In Vitro 



Self-Processing Constructs 


k (min* 1 )* 


HH 


1.16 ± 0.08 


HDV 


0.56 ± 0.15 


HP(GC) 


0.36 ± 0.06 


HP(GU) 


0.054 ± 0.003 



* k represents the unimoleculax rate constant for ribozyme self-cleavage 
determined from a non-linear, least-squares fit (KaleidaGraph, Synergy 
Software, Reeding, PA) to the equation: 

(Fraction Uncleaved Transcript) = ~" (l-e*^) 

kt ' 

The equation describes the extent ofribozyme processing in the presense of 
ongoing transcription (Long & Uhlenbeck, 1994 P™ wti a,^ m ^ Ql> 
6977) as a function of time (t) and the unimolecular rate constant for cleavage 
(k). Each value of k represents the average (± range) of values determined 
from two experiments. 
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Table 45 



entry Modification 



*i/2 (m) 
Activity 



ti/2 (m) 
Stability 
(ts) 



3 = t s /t A 
x 10 



1 U4 & U7 a U 

2 U4 & U7 = 2*-0»Me-U 

3 U4 = 2'«CH2-U 

4 U7 a 2'«CH2-U 

5 U4 & U7 3 2'=CH2-U 

6 U4 n 2'=CF r U 

7 U7 a 2*=CF2-U 

8 U4 & U7 = 2'=CF2-U 

9 U4 = 2*-F-U 

10 U7 = 2'-F-U 

11 U4 & U7 = 2'-F-U 

12 U4 = 2 , -C-Ailyl-U 

13 U7 = 2'-C-AlfyMJ 

14 U4 & U7 a 2'-C-AIIv|.U 

15 U4a2'-araF-U 

16 U7a2'-araF-U 

17 U4 & U7 a 2'-aiaF^J 

18 U4 = 2'-NH2-U 

19 U7a2'-NH2-U 

20 U4 & U7 a 2'-NH2-U 

21 U4 a dU 

22 U4 & U7 m dU 



4 

1 


0.1 


1 


4 


260 


650 


6.5 


120 


180 


8 


280 


350 


9.5 


120 


130 


5 


320 


640 


4 


220 


550 


20 


320 


160 


4 


320 


800 


8 


400 


500 


4 


300 


750 



3 
3 
3 

5 
4 

15 

10 

5 

2 

6 
4 



>500 

220 

120 

>500 

350 

500 

500 
500 
300 

100 
240 



>1700 

730 

400 

>1000 

875 

330 

500 

1000 

1500 

170 
600 
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CLA IMS 

What is claimed is- 

1. An enzymatic nucleic acid molecule which cleaves ICAM-1 mRNA, IL- 

5 mRNA, rel A mRNA, TNF-a mRNA sites shown in Table 23, 25, 
27. or 28, CML associated mRNA selected from those identified as 
SEQ. ID NOS 1-25, or RSV mRNA or RSV genomic RNA in a 
region selected from the group consisting of 1C, 1B and N. 

2. The enzymatic nucleic acid molecule of claim 1, the binding arms of 

which contain sequences complementary to any one of the 
sequences defined in any of those in Tables 2, 3, 6-9, 11, 13, 15. 
23.27,28,31,33,34,36, 81*37.. 

3. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 

nucleic acid molecule is in a hammerhead motif. 

4. The enzymatic nucleic acid molecule of claim 1 or 2. wherein said 

RNA molecule is in a hairpin, hepatitis delta virus, group 1 intron, 
Neurospora VS RNA or RNaseP RNA motif. 

5. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 

between 12 and 100 bases complementary to said mRNA or 
genomic RNA. 

6. The enzymatic nucleic add molecule of claim 5 comprising between 

14 and 24 bases complementary to said mRNA or genomic RNA. 

7. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 

between 5 and 23 bases complementary to said mRNA or genomic 
RNA. 

8. The enzymatic nucleic add molecule of claim 7 comprising between 

10 and 18 bases complementary to said mRNA or genomic RNA. 

9. An enzymatic nucleic acid molecule consisting essentially of a 
sequence selected from the group of those shown in Tables 4-8, 
10. 12. 14-1 6. 1 9-22, 24, 26-28, 30, 32, 34 and 36-38. 

10. A mammalian cell including an enzymatic nucleic acid molecule of 
claims 1 or 2. 



SUBSTITUTE SHEET (RULE 26) 



c 



WO 95/23225 PCT/IB95/00156 

292 



11. The cell of claim 10, wherein said cell is a human cell. 

12. An expression vector including nucleic acid encoding an enzymatic 
nucleic acid molecule or multiple enzymatic molecules of claims 1 
or 2 in a manner which allows expression of that enzymatic RNA 

5 moiecule(s) within a mammalian cell. 

13. A mammalian cell including an expression vector of claim 12. 

14. The cell of claim 13, wherein said cell is a human cell. 

15. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5, ml A, TNF-a, or RSV by administering 

10 to a patient an enzymatic nudeic acid molecule of claim 1 or 2. 

16. A method for treatment of a pathological condition related to th 
mRNA level of ICAM-1, IL-5, relA, TNF-a, or RSV by administering 
to a patient an expression vector of claim 12. 

17. The method of claims 15 or 16, wherein said patient is a human. 

15 18. The method of claim 17 wherein said condition is selected from the 
group consisting of atherosclerosis, myocardial infraction, stroke, 
restenosis, heart diseases, cancer, rheumatoid arthritis, asthma, 
reperfusion injury, inflammatory or autoimmune disorders, 
transplant rejection, myocardial ischemia, stroke, psoriasis, 

20 Kawasaki disease, HIV and AIDS, and septic shock. 

19. A nucleoside selected from the group consisting of 5'-C- 
aikyinucleoside, 2'-deoxy-2'-alkylnucleoside, nucleoside 5'-deoxy- 
5'-dihalo-methylphosphonate, nucleoside 5'-deoxy-5'-difluoro- 
methylphosphonate, nucleoside 3'-deoxy-3'-dihalo- 

25 methylphosphonate, and 5',3 , -dideoxy-5 , ,3'-bis(dihalo)- 

methylphosphonate. 

20. A nucleotide selected from the group consisting of 5'-C- 
alkylnucleotide, ^-deoxy-^-alkylnucleotide, 5'-deoxy-5'-dihalo- 
methylnucleotide, S'-deoxy-S'-difluoro-methylnucleotide, 3'-deoxy- 

30 3'-dihalo-methylnucleotide, and S'.S'-dideoxy-S'^'-bisfdihalo)- 

methylphosphonate. 
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21. A nucleotide triphosphate comprising a nucleotide selected from the 
group consisting of 5*-C-alkylnucleotide, 2'-deoxy-2'- 
alkylnucleotide, S'-deoxy-S'-dihalo-methylnucleotide, 5'-deoxy-5'- 
difluoro-methylnucleotide, S'-deoxy-S'-dihalo-methylnucleotide, 
and 5\3'-dideoxy-5\3M3is(dihalo)-methylphosphonate. 

22. The 5*-C-aJkylnucleoside of claim 19, wherein the sugar portion is in 
a talo configuration. 

23. The y-C-aikylnucleoside of claim 19, wherein the sugar portion is in 
an alio configuration. 

24. An oligonucleotide comprising a nucleotide selected from the group 
consisting of 5*-C-alkylnucleotide, ^-deoxy-^-alkylnucleotide, 5'- 
deoxy-5'-dihalo-methylnucleotide, 5'-deoxy-5'-difluoro- 
methylnucleotide, 3'-deoxy-3'-dihalo-methylnucleotide, and 5',3'- 
dideoxy-5',3 , -bis(dihalo)-methylphosphonate. 

25. An oligonucleotide comprising a moiety having the formula: 

wherein B is a nucleotide base or hydrogen; R1, R2 and R3 
independently is selected from the group consisting of hydrogen, 
an alkyl group containing between 2 and 10 carbon atoms 
inclusive, an amine, an amino acid, and a peptide containing 
between 2 and 5 amino acids inclusive; and the zigzag lines are 
independently hydrogen or a bond. 

26. An oligonucleotide comprising a 3-amido or peptido group. 

27. An oligonucleotide comprising a 5-amido or peptido group. 

28. The oligonucleotide of claim 24, 25, 26, or 27 having enzymatic 
activity. 

29... Method for producing an enzymatic nucleic acid molecule having 
activity to cleave an RNA or single-stranded DNA molecule, 
comprising the step of forming said enzymatic molecule with at 
least one nucleotide having an alkyl group at its 5'-position or 2'- 
position. 
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30. Method for conversion of a protected alio sugar to a protected talo 
sugar, comprising the step of contacting said protected alio sugar 
with triphenyl phosphine, diethylazodicarbcxylate, p-nitrobenzoic 
acid under inversion causing conditions to provide said protected 
talo sugar. 

31. Method for the synthesis of a nucleoside 5' or a 3'-dihalo- 
methyiphosphonate comprising the step of condensing a 
dffluoromethylphosphonate-containing sugar with a pyrimidine or 
purine under conditions suitable for forming a nucleoside 5'- or 3'- 
difluoromethylphosphonate. 

32. The oligonucleotide of claim 3, wherein the normal hammerhead U4 
and/or U7 positions are substituted with 2'-NH-amino acid. 

33. A method for the synthesis of RNA comprising the step of providing 
5-S«alkyrtetrazole at a delivered 0.1-1.0 M concentration for the 
activation of a RNA amidtte during a coupling step for less than or 
equal to 10 minutes. 

34. A method for the synthesis of RNA comprising the step of providing 
5-S-alkyrtetrazole at 0.1S-O.35 M effective, or final, concentration for 
the activation of a RNA amidite during a coupling step for less than 
or equal to 1 0 minutes. 

35. A method for the deprotection of RNA comprising the step of 
providing alkylamine (MA) or NHUOH/alkylamine (AMA) at between 
60°C - 70°C for 5 to 15 minutes to remove any exocyclic amino 
protecting groups from protected RNA; wherein said aikyl is 
selected from the group consisting of methyl, ethyl, propyl and 
butyl. 

36. A method for the deprotection of RNA alkylsilyl protecting groups 
- comprising, contacting said groups with anhydrous 

triethylamine«hydrogen fluoride (aHF«TEA) trimethylamine or 
disopropylethylamine at between 60 °C-70 °C for 0.25-24 h. 

37. A method for the purification of an RNA molecule by passing said 
enzymatic RNA molecule over an HPLC column, wherein said 
HPCC column is an anion exchange chromatography column. 
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38. Method for one pot deprotection of RNA comprising, contacting a 
protected base with anhydrous methyl amine at between 60 °C-70 
°C for at least 5 min, cooling the resulting mixture and contacting 
said mixture with TEA-3HF reagents under conditions which 
remove a protecting group of the 2'-hydroxyl position. 

39. Method for synthesizing RNA containing a phosphorothioate linkage 
comprising the step of contacting 6-10 equivalents of 3H-1.2- 
benzodithiole-3-one 1,1-dioxide (Beaucage reagent) with the 
growing RNA chain for 5 seconds with a reaction time of at least 
300 seconds. 

40. Method of synthesizing RNA containing a phosphorothioate linkage 
comprising the step of achieving coupling with 5-Sethyltetrazole or 
5-S-methyttetrazole prior to sulfurization. 

41. Method of claims 38, 39 or 40 wherein said RNA is enzymatically 
active. 

42. Method for synthesizing 2 , -deoxy-2'-amino-nucleoside 
phosphoramidite, comprising the step of protecting the 2'-amino 
group with a N-phtaloyl group. 

43. The method of claim 42 wherein the said nucleoside lacks a base. 

44. Method for synthesis of RNA comprising the step of: protecting the 
2'-position of a nucleotide during said synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. 

45. Method for covalently linking a SEM group to the 2'-position of a 
nucleotide, comprising the step of: contacting a nucleoside with an 
SEM-containing molecule under SEM bonding conditions. 

46. The method of claim 45, wherein said conditions comprise dibutyltin 
" oxide and tetrabutylammonium fluoride and SEM-CI. 

47. Method for removal of an SEM group from a nucleoside molecule or 
an oligonucleotide, comprising the step of: contacting said 
molecule or oligonucleotide with boron trifluoride etherate 
(BF3«OEt2) under SEM removing conditions. 
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48. The method of claim 57 wherein said (BF 3 .OEt 2 ) is provided in 
acetonitrile. 

49. One or more vectors comprising 

a first nucleic acid sequence encoding a first ribozyme having 
intramolecular or intermolecular cleaving activity, said first 
ribozyme being selected from the group consisting of a 
hammerhead, hairpin, hepatitis delta virus, Neurospora VS RNA, 
Group I, and RNaseP motif; 

and a second nucleic acid sequence encoding a second ribozyme 
having intermolecular cleaving activity, said Second ribozyme 
being selected from the group consisting of a hammerhead, 
hairpin, hepatitis delta virus, Neurospora VS RNA, Group I, and 
RNaseP motif and said second nucleic acid being flanked by other 
nucleic acid sequences encoding RNA which is cleaved by said 
first ribozyme to release said second ribozyme from RNA encoded 
by said vector; 

wherein said first and second nucleic acid sequences may be on the 
same or separate nucleic acid molecules, and said vector encodes 
mRNA or comprises RNA which lacks secondary structure which 
reduces release of said second ribozyme by more than 20%. 

50. Cell comprising the vector of claim 49. 

51. A transcribed non-naturaily occurring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises 
an intramolecular stem formed by base-pairing interactions 
between a 3* region and 5' complementary nucleotides in said 
RNA, wherein said stem comprises at least 8 base pairs. 

52. The RNA molecule of claim 51 , wherein said molecule is transcribed 
by a RNA polymerase III based promoter system. 

53. The RNA molecule of claim 51, wherein said molecule is transcribed 
by a type 2 pol III promoter system. 

54. The RNA molecule of claim 51. wherein said molecule is a chimeric 
tRNA. 
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55. The RNA molecui of claim 53, said RNA having A and B boxes of a 
type 2 pol III promoter separated by between 0 and 300 bases. 

56. The RNA molecule of claim 53, wherein said desired RNA molecule 
is at the 3' end of said B box. 

5 57. The RNA molecule of claim 53, wherein said desired RNA molecule 
is in between the said A and the B box. 

58. The RNA molecule of claim 53, wherein said desired RNA molecule 
includes said B box. 

The RNA molecule of claim 51, wherein said desired RNA molecule 
is selected from the group consisting of antisense RNA, decoy RNA, 
therapeutic editing RNA, enzymatic RNA, agonist RNA and 
antagonist RNA. 

60. The RNA molecule of claim 51, wherein said 5' terminus is able to 
base-pair with at least 12 bases of said 3* region. 

15 61. The RNA molecule of claim 51, wherein said 5' terminus is able to 
base-pair with at least 15 bases of said 3* region. 

62. DNA vector encoding the RNA molecule of claim 51 

63. The vector of claim 62, wherein said vector is derived from an AAV 
or adeno virus. 

20 64. RNA vector encoding the RNA molecule of claim 51 . 

65. The vector of claim 64, wherein said vector is derived from an alpha 
virus or retro virus. 

66. The vector of claim 62 wherein the portions of the vector encoding 
said RNA function as a RNA pol III promoter. 

25 67. Cell comprising the vector of claim 62. 

68. Cell comprising the vector of claim 53. 

69. Cell comprising the RNA of claim 51 . 



59. 

10 
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70. M thod to provide a desired RNA molecule in a cell, comprising 
introducing said molecule into said cell a RNA comprising a 
desired RNA molecule, having a 5* terminus able to base pair with 
at least 8 bases of a 3* region of said RNA molecule. 

71. The method of claim 70, wherein said introducing comprises 
providing a vector encoding said RNA molecule. 

72. Hammerhead ribozyme having 2 or 3 base pairs in stem II with an 
interconnecting loop of 4 or more bases between said base pairs. 

73. Hairpin ribozyme lacking a substrate moiety, comprising at least six 
bases in helix 2 and able to base-pair with a separate substrate 
RNA, wherein the said ribozyme comprises one or more bases 3' 
of helix 3 able to base-pair with the said substrate RNA to form a 
helix 5 and wherein the said ribozyme can cleave and/or ligate said 
separate RNA(s) in trans. 

74. The ribozyme of claim 73, wherein said ribozyme comprises six 
bases in helix 2. 

75. The ribozyme of claim 73, having the structure of Fig. 3, wherein 
each N and N' is independently any base and each dash may 
represent a hydrogen bond, r is 1-20, q is 2-20, o is 0 - 20, n is 1 - 
4, and m is 1 -20. 

76. Method for increasing the activity of a hairpin ribozyme by providing 
one or more bases 3' of helix 3 able to base-pair with a substrate 
RNA to form a helix 5. 

77. Trans-cleaving Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

78. Trans-ligating Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

79. The ribozyme of claim 73 having the structure of Fig. 73. 

80. The ribozyme of claim 73 having the structure of Fig. 74. 

81. A cell including the ribozyme of any of claims 73-80. 
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82. An expr ssion vector comprising nucl ic acid encoding the 
ribozyme of any of claims 73-80, in a manner which allows 
expression of that ribozym within a cell. 

83. A cell including an expression vector of claim 82. 

5 84. Method for altering in vivo the nucleotide base sequence of a 
naturally occurring mutant nucleic acid molecule, comprising the 
steps of: 

contacting said nucleic acid molecule in vivo with an 
oligonucleotide or peptide nucleic acid able to form a duplex or 
10 triplex molecule with said nucleic acid molecule, wherein formation 

of said duplex or triplex molecule directly, or after nucleic acid 
repair in vivo, causes at least one base in said nucleic acid 
molecule to be chemically modified to functionally alter the 
nucleotide base sequence of said nucleic acid sequence. 

1 5 85. The method of claim 84, wherein said oligonucleotide is of a length 
sufficient to activate dsRNA deaminase in vivo to cause conversion 
of an adenine base to inosine in an RNA molecule. 

86. The method of claim 84, wherein said oligonucleotide comprises an 
enzymatic nucleic acid molecule which is active to chemically 

20 modify a base. 

87. The method claim 84, wherein said nucleic acid molecule is DNA or 
RNA. 

88. The method of claim 84, wherein said oligonucleotide comprises a 
chemical mutagen. 

25 89. The method of claim 88, wherein said mutagen is nitrous acid. 

90. The method of claim 84 wherein said oligonucleotide causes 
deamination of 5-methylcytosine to thymidine, cytosine to uracil, or 
adenine to inosine, or methylation of cytosine to 5-methylcytosine. 

91. The method of claim 84, wherein an endogenous mammalian 
30 editing system is co-opted to cause said chemical modification. 
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92. Method for introduction of enzymatic nucleic acid into a ceil or 
tissue, comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
enzymatic nucleic acid associated with a second nucleic acid 
5 molecule having sufficient complementarity with said first nucleic 

acid molecule so that it is able to form an R-loop base-paired 
structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
1 0 RNA from said first nucleic acid under said conditions; 

and contacting said complex with said cell or tissue under 
conditions in which said enzymatic nucleic acid molecule is 
produced in said ceil or tissue. 

93. Method for introduction of a desired nucleic acid into a cell or tissue, 
1 5 comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
desired nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
20 structure under physiological conditions with said first nucleic acid 

molecule; wherein said first nucleic acid molecule lacks a promoter 
region and said R-loop is formed in a region of said first nucleic 
acid molecule at a location which promotes expression of RNA from 
said first nucleic acid under said conditions; 

25 and contacting said complex with said cell or tissue under 

conditions in which said desired acid molecule is produced in said 
cell or tissue. 

94 Method for introduction of a desired nucleic acid into a cell or tissue, 
comprising the steps of; 

30 providing a complex of a first nucl ic acid molecule encoding said 

enzymatic nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
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structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nucleic acid under said conditions; 

and wherein said second nucleic acid further comprises a 
localization factor; 

and contacting said complex with said cell or tissue under 
conditions in which said desired nucleic acid molecule is produced 
in said cell or tissue. 

95. Complex of a first nucleic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to form an R-loop base-paired structure 
under physiological conditions with said first nucieic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
first nucleic acid under said conditions. 

96. Complex of a first nucleic add molecule encoding a desired nucleic 
acid associated with a second nucleic acid molecule having 
sufficient complementarity with said first nucleic acid molecule so 
that it is able to form an R-loop base-paired structure under 
physiological conditions with said first nucleic acid molecule; 
wherein said first nucleic acid molecule lacks a promoter region 
and said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
first nucleic acid under said conditions. 

97. Complex of a first nucleic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to form an R-ioop base-paired structure 
under physiological conditions with said first nucleic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
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first nucleic acid under said conditions, and wherein said second 
nucleic acid further comprises a localization factor. 
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R = iPr = iPPAC 
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FIG. 34c. 
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FIG. 34d. 
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pjQ ^£ S35 Sequence 



GGCAGAACAG CAG AGUGGCG C AGCGGAAGC GUGCUGGGCC CAU AACCCAG 5 0 
AGGUCGAUGG AUCGAAACCC CGG AUCGUAC CGCGGUGG AU CCACUCUGCU 100 
GUUCUGUUU 109 



FIG. 45. 



HHIS35 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGAUGAG 100 
r.Arrr.AAAGG \ inCO A A ACGG QCAGGAUCCA CUCUGCUGUU CUGUUU 146 

Underlined bases indicate the HHI ribozyme sequence 



PJQ 46. S3S P,U8 Sequence 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGGGAUC CUAACGAUCC 100 
GGGGUGUCG A UCC AUCACUC UGCUGUUCUG UU U 1 33 



FIG. 47- HHIS35 Plus 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGAUGAG 100 
r.ArrnAAAGG \ }CCC* A A ACGG QCAGGAUCCU AACGAUCCGG GGUGUCG AUC 1 50 
CAUCACUCUG CUGUUCUGUU U 171 



Underlined bases indicate the HHI ribozyme sequence 
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R = Purine 

Y » Pyriniidine 

• s Indicates base-pairing 

— = Indicates covalent linkage 

Indicates sites at which desired 
RN As can be cloned 



I This is based on Geiduschek & Tocchirti- Valentini, 

(1988) ftniffl F» vi * w Biochem. 57 t 873-914. However 
I this consensus sequence is not meant to be limiting 
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Adenovirus Vector 
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